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BOOK I 


rHE MYSTERIOUS UNIVERSE 

BY SIR JAMES JEANS 



And now, I said, let me show in a figure how far our nature is 
cnhghtened or unenhghtcned Behold 1 human beings hving m an 
underground cave, which has a mouth open towards the hght and 
rcachmg all along the cave, here they have been &om their child- 
hood, and have their legs and necks chamed so that they cannot move, 
and can only see before them, bemg prevented by the chains from 
turmng round their heads Above and behmd them a fire is blazing 
at a distance, and between the fire and the prisoners there is a raised 
way, and you will sec, if you look, a low wall built along the way, 
like the screen which manouette playen have m front of them, over 
which they show the puppets 

I see. 

And do you see, I said, men passmg along the wall carrymg all 
sorts of vessels, and statues and figures of animals made of wood and 
stone and various materials, which appear over the wall? 

You have shown me a strange image, and they are strange 
pnsonen 

take ourselves, I rephed, and they see only their own shadows, or 
the other shadows which the fire throws on the opposite wall of the 
cave? 

True, he said, how could they sec anythmg but the shadows if they 
were never allowed to move their heads? 

And of the objects which are being tamed m like manner they 
would only see the shadows? 

Yes, he said 

To them, I said, the truth would be hterally nodung but the 
shadows of the images 


PLATO, REPUBLIC, BOOK VII 



CHAPTER ONE 


THE DYING SUN 

A FEW STARS are known which arc hardly bigger than the earth, 
but the majonty are so large that hundreds of thousands of 
earths could be packed inside each and leave room to spare, here and 
there we come upon a giant star large enough to contain milhons of 
nnihons of earths And the total number of stars m the umverse is 
probably something like the total number of grains of sand on all 
the seashores of the world Such is the httlencss of our home m space 
when measured up against the total substance of the umverse 
This vast multitude of stars are wandermg about m space A few 
form groups which journey m company, but the majonty are soh- 
tary travellers And they travel through a universe so spaaous tliat 
It IS an event of almost unimaginable ranty for a star to conic any- 
where near to another star For the most part each voyages m splendid 
isolation, like a ship on an empty ocean In a scale model m winch the 
stars are ships, the average ship will be well over a imlhon miles 
from Its nearest neighbour, whence it is easy to understand why a 
ship seldom finds another withm haihng distance 
Wc beheve, nevertheless, that some two thousand milhon years 
ago this rare event took place, and that a second star, wandermg 
bhndly through space, happened to come withm haihng distance of 
the sun Just as the sun and moon raise tides on the earth, so this 
second star must have raised tides on the surface of the sun But they 
would be very different from the puny tides which the small mass 
of tie moon raises m our oceans, a huge tidal wave must have 
travelled over the surface of the sun, ultunately formmg a moimtam 
of prodigious height, which would rise ever higher and higher as 
the cause of the disturbance came nearer and nearer And, before the 
second star began to recede, its tidal pull had become so powerful 
that this mountam was tom to pieces and threw off small fragments 
of Itself, much as the crest of a wave throws off spray These small 
fragments have been circulating aroimd their parent sun ever smee 
They are the planets, great and small, of which our earth is one 
The sun and the other stars we see m the sky are all mtensely hot 
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— far too hot for hfe to be able to obtain or retain a footmg on them 
So also no doubt were the ejected fragments of the sun when they 
were first thrown off Gradually they cooled, until now they have 
but htde mtnnsic heat left, their warmth bemg denvcd almost entirely 
from the radiation which the sun pours down upon them In course 
of time, we know not how, when or why, one of these cooling 
firagments gave birth to hfe It started m simple organisms whose 
vital capaaties consisted of htde beyond reproduction and death But 
ftom these humble beginnmgs emerged a stream of hfe which, ad- 
vancmg through ever greater and greater complexity, has culminated 
m bcmgs whose hves are largely centred m their emotions and ambi- 
tions, their aesthetic appreciations, and the rehgions m which their 
highest hopes and noblest aspirations he enshrmcd. 

Although we cannot speak with any certamty, it seems most likely 
that humamty came mto existence m some such way as this Standmg 
on our microscopic fragment of a gram of sand, we attempt to dis- 
cover the nature and purpose of the umverse which surrounds our 
home m space and time Our first impression is somethmg akm to 
terror We find the umverse temfymg because of its vast meanmgless 
distances, temfymg because of its mconceivably long vistas of time 
which dwarf human history to the twinkhng of an eye, terrifying 
because of our extreme lonelmess, and because of the material insig- 
nificance of our home m space — a milhonth part of a gram of sand 
out of all the sea sand m the world But above all else, we find the 


umverse temfymg because it appears to be mdifferent to hfe hke our 
own, emotion, ambition and achievement, art and rehgion all seem 
equally foreign to its plan. Perhaps mdecd we ought to say it appears 
to be actively hostile to hfe hke our own For the most part, empty 
space IS so cold that all life m it would be fiozen, most of the matter 
m space is so hot as to make life on it impossible, space is traversed, 
and astronormcal bodies contmually bombarded by radiation of a 
vanety of kmds, much of which is probably mimical to, or even 
destructive of, hfe 


Into such a umverse we have stumbled, if not exactly by mistake, 
at least as the result of what may properly be desenbed as an acadenL 
The use of such a word need not imply any surprise that our earth 
exists, for acadents will happen, and ff the umverse goes on for long 
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enough, every conceivable acadent is likely to happen m tune It 
was, I think, Huxley who said that six monkeys, set to strum unui- 
telhgendy on typewriters for milhons of millions of years, would be 
bound m time to wnte all the books m the Bntish Museum If we 
exammed the last page which a particular monkey had typed, and 
found that it had chanced, m its blmd strummmg, to type a Shake- 
speare sonnet, wc should nghtly regard theoccurrencc as a remarkable 
acadent, but if wc looked through all the milhons of pages the 
monkeys had turned off in untold milhons of years, we might be 
sure of findmg a Shakespeare sonnet somewhere amongst them, the 
product of the bhnd play' of chance In the same way, milhons of 
milhons of stars wandenng bhndly through space for rmlhons of 
nulhons of years are bound to meet with every kmd of acadent, a 
' limited number are bound to meet with that speaal kmd of acadent 
which calls planetary systems mto bemg. Yet calculation shows that 
the number of tlicsc can at most be very small m companson with the 
total number of stars m the sky, planetary systems must be exceed- 
ingly rare objects m space 

This ranty of planetary systems is important, because so far as we 
can see, life of the kmd wc know on earth could only ongmate on 
planets like the earth It needs smtable physical conditions for its 
appearance, the most important of which is a temperature at which 
substances can exist m the hquid state 

The stars themselves are disqualified by bemg far too hot We may 
think of them as a vast collection of fixes scattered throughout space, 
providmg warmth m a chmate which is at most some four degrees 
above absolute zero — about four hundred and eighty-four degrees 
of firost on our Fahrenheit scale — and is even lower m the vast stretches 
of space which he out beyond the Milky Way Away firom the fires 
there is this unimaginable cold of hundreds of degrees of frost, close 
up to them there is a temperature of thousands of degrees, at which 
all sohds melt, all hqmds bod. 

Life can only exist inside a narrow temperate zone which surrounds 
each of these &es at a very defimte distance Outside these zones hfe 
would be fiozen, inside, it would be shrivelled up At a rough com- 
putauon, these zones withm which hfe is possible, all added together, 
constitute less than a thousand million mdhonth part of the whole of 
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space And even mside them, hfe must be of very rare occurrence, 
for It IS so unusual an acadent for suns to throw off planets as our 
own sun has done, that probably only about one star m 100,000 has 
a planet revolvmg round it m the small zone m which hfe is possible 
Just for this reason it seems mcredible that the umverse can have 
been designed pnmanly to produce hfe like our own, had it been 
so, surely we rmght have expected to find a better proportion between 
the magmtude of the mechanism and the amount of the product 
At first glance at least, hfe seems to be an utterly unimportant by- 
product, we hvmg thmgs are somehow off the mam hnc 
We do not know whether suitable physical conditions are suffiaent 
m themselves to produce life One school of thought holds that as 
the earth gradually cooled, it was natural, and mdeed almost mcvi- 
table, that life should come Another holds that after one acadent 
had brought the earth mto bemg, a second was necessary to produce 
hfe The material constituents of a hvmg body are perfeedy ordinary 
chemical atoms — carbon, such as we find m soot or lampblack, 
hydrogen and oxygen, such as we find m water, mtrogen, such as 
forms the greater part of the atmosphere, and so on Every kmd of 
atom necessary for hfe must have existed on the new-bom earth 
At mtervals, a group of atoms might happen to arrange themselves 
m the way m which they are arranged m the hvmg cell Indeed, given 
suffiaent time, they would be certam to do so, just as certam as the 
SIX monkeys would be certam, given suffiaent time, to type off a 
Shakespeare sonnet But would they then be a hvmg cell? In other 
words, IS a hvmg cell merely a group of ordmary atoms arranged m 
some non-ordmary way, or is it something more? Is it merely atoms, 
or IS It atoms plus hfe? Or, to put it m another vray, could a suffi- 
acntly skilful chemist create hfe out of the necessary atoms, as a boy 
can create a machmc out of “Meccano,” and then make ttgol We do 
not know the answer When it comes it will give us some mdication 
whether other worlds m space are inhabited like ours, and so must 
have the greatest influence on our mterpretaaon of the mcanmg of 
hfe — It may well produce a greater revolution of thought than 
Galileo’s astronomy or Darwm’s biology 
We do, however, know that while hvmg matter consists of quite 
ordmary atoms, it consists m the mam of atoms which have a speaal 
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capaaty for coagulating into extraordinary large bunches or “mole- 
cules “ 

Most atoms do not possess diis property The atoms of hydrogen 
and oxygen, for instance, may combme to form molecules of hydro- 
gen (H. or H,), of oxygen or ozone (O* or O3), of water (HjO), 
or of hydrogen peroxide (HjO*), but none of these compounds 
contains more than four atoms The addition of mtrogen does not 
gteady change the situation, the compounds of hydrogen, oxy^gen 
and nitrogen all contam comparatively few atoms But the further 
addition of carbon completely transforms the picture; the atoms of 
hydrogen, oxygen, mtrogen and carbon combme to form molecules 
containmg hundreds, thousands, and even tens of thousands, of 
atoms It is of such molecules that hvmg bodies are mainly formed 
Until a century ago it was commonly supposed that some “vital 
force’ was necessary to produce these and the other substances which 
entered mto the composition of the hving body. Then Wohler pro- 
duced urea (CO(NHj)j), which is a typical ammal product, m his 
laboratory, by the ordmary processes of chemical synthesis, and other 
constituents of the hvmg body followed m due course Today one 
phenomenon after another which was at one tune attnbuted to “vital 
force is being traced to the action of the ordmary processes of phy- 
sics and chemistry Although the problem is still far from solution. 
It IS becommg mcrcasmgly likely that what speaally distinguishes 
the matter of hvmg bodies is the presence not of a “vital force,’’ but 
, of the qmte commonplace element carbon, always m coiyunction 
With other atoms with which it forms exceptionally large molecules 

If this IS so, life exists m the universe only because the carbon atom 
possesses certam exceptional properties. Perhaps carbon is rather note- 
worthy chemically as formmg a sort of transition between the metals 
and non-metals, but so far nothmg m the physical constitution of the 
carbon atom is known to account for its very speaal capaaty for 
bmdmg other atoms together The carbon atom consists of six elec- 
trons revolvmg around the appropriate central nucleus, hke six 
planets revolvmg around a central sun, it appears to differ from its 
two nearest neighbours m the table of chemical elements, the atoms 
of boron and mtrogen, only m havmg one electron more than the 
former and one electron fewer than the latter Yet this shght differ- 
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cnce must account m the last resort for all the difierence between 
hfc and absence of life No doubt the reason why the six electron 
atom possesses these remarkable properties resides somewhere m the 
ultimate laws of nature, but mathematical physics has not yet 
fathomed it 

Other similar cases are known to chemistry Magnetic phenomena 
appear m a tremendous degree in iron, and m a lesser degree m its 
neighbours, mckel and cobalt The atoms of these elements have 26, 
27 and 28 electrons respectively The magnetic properties of all other 
atoms are almost ncghgible m comparison Somehow, then, although 
again mathematical physics has not yet unravelled how, magnetism 
depends on the pecuhar properties of the 26, 27 and 28 electron 
atoms, espeaally the first Radio-activity provides a durd instance, 
bemg confined, with insignificant exceptions, to atoms having from 
83 to 92 electrons, agam we do not know why 

Thus chemistry can only tell us to place life m the same category 
as magnetism and radio-activity The umversc is built so as to operate 
accordmg to certam laws As a consequence of these laws, atoms 
havmg certam defimte numbers of electrons, namely 6, 26 to 28, and 
83 to 92, have certam speaal properties, which show themselves m 
the phenomena of life, magnetism and radio-activity respectively 
An ommpotent creator, subject to no limitation whatever, would 
not have been restneted to the laws which prevail m the present 
imivcrse, he might have elected to build the universe to conform 
to any one of innumerable other sets of laws If some other set of 
laws had been chosen, other speaal atoms might have had other 
speaal properties associated with them We cannot say what, but 
It seems a priori unlikely that cither radio-activity or magnetism or 
Itje would have figured amongst them Chemistry suggests that, like 
magnetism and radio-activity, life may merely be an acadental con- 
sequence of the speaal set of laws by which the present universe is 
governed 

Agam the word “acadental” may be challenged For what if the 
creator of the umversc selected one speaal set of lasvs just because 
they led to the appearance of life? What if this were his way of 
, creatmg life? So long as we think of the creator as a magnified man- 
like bemg, activated by feelmgs and mtercsts like our own, the 
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challenge cannot be met, except perhaps by the remark that, when 
such a creator has once been postulated, no argument can add much 
to what has already been assumed If, however, we dismiss every 
trace of anthropomorphism from our minds, there remains no reason 
for supposmg that the present laws were speaaUy selected m order 
to produce life They are just as likely, for mstance, to have been 
selected m order to produce magnetism or radio-activity — ^mdeed 
more likely, smee to all appearances physics plays an mcomparably 
greater part m the universe than biology Viewed fi:om a stnctly 
matenal standpomt, the utter insignificance of life would seem to go 
far towards dispellmg any idea that it forms a speaal mterest of the 
Great Architect of the umverse 

A tnviai analogy may exhibit the situation m a clearer hght An 
ummagmativc sailor, accustomed to tymg knots, might think it 
would be impossible to cross the ocean if tymg knots were impossible 
Now the capacity for tymg knots is hmited to space of three dimen- 
sions; no knot can be tied m a space of 1, 2, 4, 5 or any other number 
of dimensions From this fact our unimagmative sador might reason 
that a beneficent creator must have had sailors imdcr his speaal 
patronage, and have chosen that space should have three dimensions 
m order that tymg knots and crossmg the ocean should be possibi- 
hties m the umverse he had created — m bnef, space was of three 
dimensions so that there could be sailors This and the argument 
outhned above seem to be much on a level, because life as a whole 
and the tymg of knots are pretty much on a level m that neither of 
them forms more than an utterly insignificant fraction of the total 
activity of the matenal umverse 

So much for the surpnsmg manner m which, so far as saence can 
at present inform us, we came mto bemg And our bevnlderment is 
only mcreased when we attempt to pass firom our ongms to an 
understandmg of the purpose of our existence, or to foresee the des- 
tiny which fate has m store for our race 

Life of the kmd we know can only exist imder smtable conditions 
of hght and heat, we only exist ourselves because the earth receives 
the nght amount of radiation from the sun, upset the balance m ather 
direction, of excess or defect, and life must disappear from the earth 
And the essence of the situation is that the balance is easily upset. 
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Pnimtive man, hvmg m the temperate zone of the earth, must 
have wafched the Ice Age descending on his home with something 
hke terror, each year the glaaers came ferther down into the valleys, 
each wmtcr the sun seemed less able to provide the warmth needed 
for life To him, as to us, the umverse must have seemed hostile to 
hfe 

We of these later days, hvmg m the narrow temperate zone sur- 
rounding our sun and peering mto the far future, sec an Ice Age of a 
different kmd threatening us Just as Tantalus, standmg m a lake so 
deep that he only just escaped drowning, was yet destmed to die of 
thirst, so It IS the tragedy of our race that it is probably destmed to 
die of cold, while the greater part of the substance of the umverse 
still remains too hot for life to obtam a footmg The sun, havmg no 
extraneous supply of heat, must necessarily emit ever less and less of 
' Its hfe-givmg radiation, and, as it docs so, the temperate zone of 
space, withm which alone hfe can exist, must close m around iL To 
remam a possible abode of hfe, our earth would need to move m 
ever nearer and nearer to the dymg sun Yet, sacncc tells us that, so 
far from its moving mwards, mexorable dynamical laws are even 
now dnvmg it ever farther away from the sun mto the outer cold 
and darkness And, so far as we can see, they must contmue to do 
so until life IS frozen off the earth, unless mdeed some celestial colh- 
sion or cataclysm mtervenes to destroy hfe even earher by a more 
speedy death This prospective fate is not pecuhar to our earth, other 
suns must die hke our own, and any hfe there may be on other 
planets must meet the same mglonous end 

Physics teUs the same story as astronomy For, mdependendy of 
all astronomical considerations, the general physical prmaple known 
as the second law of thermo-dynamics predicts that there can be but 
one end to the umverse — a “heat-death” m which the total energy 
of the umverse is uniformly distnbuted, and all the substance of the 
umverse is at the same temperature This temperature will be so low 
as to make hfe impossible It matters httlc by what particular road 
this final state is reached, all roads lead to Rome, and the end of the 
journey cannot be other than umversal deatL 

Is this, then, all that hfe amounts to — to stumble, almost by mis- 
take, mto a umverse which was clearly not designed for life, and 
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which, to all appearancfcs, is eitKcr totally mdifierent or definitely 
hostile to It, to stay clinging on to a fragment of a grain of sand until 
we are firozen off, to strut our tmy hour on our tmy stage with the 
knowledge that our aspirations are all doomed to final fhistration, 
and that our achievements must perish with our race, leavmg the 
umverse as though we had never been? 

Astronomy suggests the question, but it is, I think, mainly to 
physics that we must turn for an answer. For astronomy can tell us 
of the present arrangement of the umverse, of the vastness and vaemty 
of space, and of our own insignifi(^ce therem; it can even tell us 
somethmg as to the nature of the changes produced by the passage 
of time But we must probe deep mto the fundamental nature of 
thmgs before we can expect to find die answer to our question. 
And this c not the provmce of astronomy, rather we shall find that 
our quest takes us nght mto the heart of modem physical saence. 



CHAPTER TWO 


THE NEW WORLD OF MODERN PHYSICS 

P RIMITIVE MAN must have found nature singularly puzzling and 
intncate The simplest phenomena could be trusted to recur inde- 
fimtely, an unsupported body uivanably fell, a stone thrown into 
water sank, while a piece of wood floated Yet other more comph- 
cated phenomena showed no such uniformity — the hghtmng struck 
one tree m the grove while its neighbour of similar growth and 
equal size escaped unharmed, one month the new moon brought 
fair weather, the next month fouL 
Confronted with a natural world which was to all appearances as 
capnaous as himself, man’s first impulse was to create Nature m his 
own image, he attributed the seemingly erratic and unordered course 
of the umverse to the whuns and passions of gods, or of benevolent 
or malevolent lesser spurts Only after much study did the great 
prmaple of causation emerge In tunc it was found to dominate the 
whole of inanimate nature a cause which could be completely iso- 
lated m Its action was found mvanably to produce the same effect 
What happened at any instant did not depend on the vohttons of 
extraneous beings, but followed mcvitably by mexorablc laws from 
the state of things at the precedmg mstant And this state of things 
had m turn been inevitably determined by an carher state, and so on 
mdefimtely, so that the whole course of events had been unalterably 
determined by the state m which the world found itself at the first 
instant of its history, once this had been fixed, nature could move 
only along one road to a predestmed end In bnef, the act of 
creation had created not only the umverse but its whole future his- 
tory Man, It IS true, still believed that he himself was able to affect 
the course of events by his own vohtion, although m this he was 
gmded by instinct rather than by logic, saence, or expenence, but 
henceforth the law of causation took charge of all such events as he 
had previously assigned to the actions of supernatural bemgs, 

The final establishment of this law as the primary gmding prm- 
aple m nature was the tnumph of the seventeenth century, the great 
century of Galileo and Newton Appanuons m the sky were shown 
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to result merely from the umversal laws of optics; comets, which had 
hitherto been regarded as portents of the fall of empires or the death 
of kmgs, were proved to have their motions presenbed by the 
umversal law of gravitation “And,” wrote Newton, “would that 
the rest of the phenomena of nature could be deduced by a like kmd 
of reasomng from mechamcal principles ” 

Out of this resulted a movement to mterpret the whole material 
umverse as a machme, a movement which steadily gained force until 
Its culmmation m the latter half of the mneteenth century It was 
then that Helmholtz declared that “the final aim of all natural saence 
is to resolve itself into mechames,” and Lord Kelvm confessed that 
he could understand nothmg of which he could not make a mecha- 
mcal model He, hke many of the great saentists of the mneteenth 
century, stood high m the engineermg profession, many others could 
have done so had they tned It was the age of the engmcer-saentist, 
whose primary ambition was to make mechamcal models of the 
whole of nature Waterston, Maxwell and others had explamed the 
properties of a gas as machme-hke properties with great success, the 
madune consisted of a vast multitude of tmy round, smooth spheres, 
harder than the hardest steel, flymg about like a hail of bullets on a 
battlefield The pressure of a gas, for instance, was caused by the 
impact of the speedily flymg bullets; it was like the pressure which 
a hailstorm exerts on die roof of a tent When sound was transmitted 
through a gas, these bullets were die messengers S imilar attempts 
were made to explam the properties of hqmds and sohds as machme- 
hke properties, although with considerably less success, and also on 
hght and gravitation— -with no success at all. Yet this want of success 
failed to shake the behef that the umverse must m the last resort 
admit of a purely mechamcal mterpretation It was felt that only 
greater eflbrts were needed, and the whole of inanimate nature would 
at last stand revealed as a perfeedy actmg machme 
All this had an obvious bearmg on the mterpretation of human 
hfc Each extension of the law of causation, and each success of the 
mechamcal mterpretation of nature, made the behef m free will more 
difficult For if all nature obeyed the law of causation, why should 
hfe be exempt^ Out of such considerations arose the mechanistic 
philosophies of the seventeenth and eighteenth centimes, and then 
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natural reactions, the idealist philosophies which succeeded them 
Saence appeared to favour a mechanistic view which saw the whole 
matenal world as a vast machme By contrast, the ideahstic view 
(p 95 below) attempted to regard the world as the creation of 
thought and so as consistmg of thought 
Until early m the nineteenth century it was still compatible with 
sacntific knowledge to regard life as something standing entirely 
apart from mammatc nature Then came the discovery that hvmg 
cells were formed of precisely the same chemical atoms as non-hvmg 
matter, and so were presumably governed by the same natural laws 
This led to the question why the particular atoms of which our bodies 
and brains were formed should be exempt from the laws of causation 
It began to be not only conjectured, but even fiercely mamtamed, 
that life Itself must, m the last resort, prove to be purely mechanical 
m Its nature The mmd of a Nevirton, a Bach or a Michelangelo, it 
was said, differed only m complexity from a prmtmg press, a whistle 
or a steam saw, their whole function was to respond exactly to the 
stimuh they received from without Because such a creed left no 
room for the operation of choice and free wiU, it removed all basis 
for morahty Paul did not choose to be diSerent from Saul, he could 
not help being different, he was affected by a different set of external 
stimuh 

An almost kaleidoscopic re-arrangement of saentific thought 
came with the change of century The early saenosts were only able 
to study matter m chunks large enough to be ducctly apprehended 
by the unaided senses, the timest piece of matter with which they 
could experiment contamed milhons of milhons of molecules Pieces 
of this size undoubtedly behaved m a mechamcal way, but this pro- 
vided no guarantee that smgle molecules would behave m the same 
way, everyone knows the vast difference between the behaviour of 
a crowd and that of the mdividuals that compose it 

At the end of the mneteenth century it first became possible to i 
study the behaviour of smgle molecules, atoms and electrons The 
century had lastedjust long enough for saence to discover that cer- 
tam phenomena, radiaoon and gravitation m parocular, defied all 
attempts at a purely mechamcal explanation. While philosophers 
were still debating whether a machme could be constructed to repro- 



THE NEW WORLD OF MODERN PHYSICS 


13 


duce the thoughts ofNewton, the emotions of Bach or the inspiration 
of Michelangelo, the average man of saence was rapidly becoming 
convinced that no machmc could be constructed to reproduce the 
hght of a candle or the fall of an apple Then, m the closmg months 
of the century, Professor Max Planck, of Berlm, brought forward a 
tentative explanation of certam phenomena of radiation which had 
so far completely defied mterpretation Not only was his explanation 
non-mechanical m its nature; it seemed impossible to connect it up 
with any mechamcal Imc of thought Largely for this reason, it was 
cnucized, attacked and even ridiculed But it proved brdhantly 
successful, and ultimately developed mto tlie modem “quantum 
theory,” which forms one of tlie great dominatmg pnndples of 
modem physics Also, although this was not apparent at the time, 
It marked the end of the mechamcal age m saence, and the openmg 
of a new era 

In Its earhest form, Planck’s theory hardly went beyond suggest- 
mg that die course of nature proceeded by tiny jumps and jerks, like 
the hands of a dock Yet, aldiough it does not advance contmuously, 
a dock IS purely mechamcal m its ultimate nature, and foUoivs the 
law of causation absolutely. Einstem showed m 1917 that the theory 
founded by Planck appeared, at first sight at least, to entail conse- 
quences far more revolutionary than mere discontmuity. It appeared 
to dethrone the law of causation from the position it had heretofore 
held as gmdmg the course of the natural world The old saence had 
confidendy proclaimed that nature could follow only one road, the 
road which was mapped out from the beginning of time to its end 
by the continuous diam of cause and eflfect; state A was mevitably 
succeeded by state B So far the new saence has only been able to 
say that state A may be followed by state B or C or D or by innu- 
merable other states It can, it is time, say that B is more likely than 
C, C than D, and so on; it can even specify the relative probabihties 
of states B, C and D But, just because it has to speak m terms of 
probabihties, it cannot predia with certamty which state will follow 
which, this IS a matter which hes on the knees of the gods — ^whatever 
gods there be 


A conaete example will explam this more clearly It is known 
that the atoms of radium, and of other radio-active substances, dis- 
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integrate into atoms of lead and helium with the mere passage of 
time, so that a mass of radium contmually dimimshcs m amount, 
bemg replaced by lead and hehum. The law which governs the rate 
of dimmution is very remarkable The amount of radium decreases 
m precisely the same way as a population would i£ there were no 
births, and a uniform death-rate which was the same for every 
mdividual, regardless ofkts age Or again, it decreases m the same way 
as the numbers of a battahon of soldiers who are exposed to absolutely 
random undirected fire In bnef, old age appears to mean nothing 
to the mdividual radium atom, it does not die because it has hved 
Its life, but rather because m some way fate knocks at the door 
To take a concrete illustration, suppose that our room contains 
two thousand atoms of radium Saence cannot say how many of 
these •wdl survive after a year’s time, it can only tell us the relative 
odds m favour of the number bemg 2,000, 1,999, 1,998, and so on. 
Actually the most hkely event is that the number wiU be 1,999, the 
probabihues arc m favour of one, and only one, of the 2,000 atoms 
breaking up withm the next year 
Wc do not know m what way this particular atom is selected out 
of the 2,000 We may at first feel tempted to conjecture it wdl be 
the atom that gets knocked about most or gets mto the hottest places, 
or what not, m the cormng year Yet this cannot be, for if bloivs or 
heat could dismtegrate one atom, they could dismtegrate the other 
1,999, and we should be able to expedite the dismtegration of radium 
merely by compressmg it or heating it up Every physicist bcheves 
this to be impossible, he rather bcheves that every year fate knocks 
at the door of one radium atom m every 2,000, and compels it to 
break up, this is the hypothesis of “spontaneous dismtegration” 
advanced by Rutherford and Soddy m 1903 
History, of course, may repeat itselfi and once agam an apparent 
capnaousness m nature may be found, m the hght of fidler know- 
ledge, to arise out of the mevitable operation of the law of cause and 
effect. When we speak m terms of probabihties m ordmary life, we 
merely show that out knowledge is mcompletc, we may say it 
appears probable that it wdl ram tomorrow, whde the meteorological 
expert, knowing that a deep depression is coming eastward from 
the Adantic, cm say with confidence that it ■wdl be wet. We may 
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Speak of the odds on a horse, while the owner knows it has broken 
Its leg In the same way, the appeal of the new physics to probabili- 
ties may merely cloak its ignorance of the true mechanism 
of nature. 

An illustration will suggest how this might be Early m the present 
centur)% McLennan, Rutherford and others detected m the earth s 
atmosphere a new type of radiation, distinguished by its extremely 
high powers of penetrating sohd matter Ordmary hght will pene- 
trate only a fraction of an inch through opaque matter, we can shield 
our faces from the rays of the sun with a sheet of paper, or an even 
thinn er screen of metal The X-rays have a far greater penetrating 
power, they be made to pass through our hands, or even our 
whole bodies, so that the surgeon can photograph our bones Yet 
metal of the thickness of a com stops them completely. But the 
radiation discovered by McLennan and Rutherford could penetrate 
through several yards of lead or other dense metal 
We now know that a large part of this radiation, generally des- 
enbed as “cosmic radiation,” has its ongm m outer space It falls 
on the earth m large quantities, and its powers of destruction are 
immense Every second it breaks up about twenty atoms m every 
cubic mch of our atmosphere, and milhons of atoms m each of our 
bodies It has been suggested that this radiation, falhng on germ- 
plasm, may produce the spasmodic biological variations which the 
modem theory of evolution demands; it may have been cosmic 
radiation that turned monke)^ mto men 
In the same way, it was at one time conjectured that the falhng of 
cosmic radiation on radio-active atoms might be the cause of their 
dismtegration The rays fell like fate, stnkmg now one atom and 
now another, so that the atoms succumbed like soldiers exposed to 
random fire, and the law which governed their rate of disappearance 
was explamed This conjecture was disproved by the simple device 
of takmg radio-active matter dowm a coal mme. It was now com- 
pletely shielded from the cosmic rays, but continued to dismtegrate 
at the same rate as before 

This hypothesis faded, but probably many physicists expect that 
some other physical agency may yet be found to act the role of fate 
m radio-active dismtegration The death-rate of atoms would obvi- 



16 THE MYSTERIOUS UNIVERSE 

ously then be proportional to the strength of this agency But other 
similar phenomena present far greater difficulties 
Amongst these is the famihar phenomenon of the emission of hght 
by an ordinary elcctnc hght bulb The essentials are that a hot fila- 
ment receives energy from a dynamo and discharges it as radiation. 
Inside the filament, the electrons of milhons of atoms are ■whirlmg 
round m their orbits, every now and then jumpmg, suddenly and 
almost discontmuously, from one orbit to another, sometimes ermt- 
ting, and sometimes absorbmg, radiation m the process In 1917, Em- 
stem mvestigated what may be desenbed as the statistics of these 
juirips Some are of course caused by the radiation itself and the heat 
of the filament But these are not enough to account for the whole of 
the radiation emitted by the filament. Einstem found that there must 
be other jumps as well, and that these must occur spontaneously, like 
the dismtegration of the radium atom In bnef, it appears as though 
fate must be mvoked here also Now if some ordinary physical agency 
played the part of fate m this case, its strength ought to affect the m- 
tensity of the emission of radiation by the filament But, so far as we 
know, the mtensity of the raxhation depends only on known con- 
stants of nature, which are the same here as m the remotest stan And 
this seems to leave no room for the mtervention of an external agency 
We can perhaps form some sort of a picture of the nature of these 
spontaneous dismtegrations or jumps, by companng the atom to a 
party of four card players who agree to break up as soon as a hand is 
dealt m which each player receives just one complete smt A room 
contaimng milhons of such parties may be taken to represent a mass 
of radio-active substance Then it can be shewn that the number of 
card parties wiU decrease accordmg to the exact law of radio-active 
decay on one condition — that the cards are well shuffled between each 
deal If there is adequate shuffling of the cards, the passage of time and 
the past vnll mean nothing to the card players, for the situation is 
bom afresh each time the cards are shuffled Thus the death-rate per 
thousand will be constant, as with atoms of radium But if the cards 
are merely taken up after each deal, without shufflmg, each deal fol- 
lows mcvitably firom the precedmg, and we have the analogue of the 
old law of causation. Here the rate of dimmution m the number of 
players would be different firom that actually observed m radio-active 
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disintegration We can only reproduce tins by supposing the cards 
to be continually shuffled, and the shuffler is he ■whom we have called 
fate 

Thus, although we are still far from any positive knowledge, it 
seems possible that there may be some factor, for which we have so 
far found no better name than fate, operatmg m nature to neutralize 
the cast-iron mevitabihty of the old law of causation. The future may 
not be as unalterably determmed by the past as we used to think, m 
part at least it may rest on the knees of whatever gods there be 

Many other considerations pomt m the same direction. For m- 
stance. Professor Heisenberg has sliown that the concepts of the 
modem quantum theory mvolve what he calls a “prmaple of mde- 
terminacy.” We have long thought of the worlongs of nature as ex- 
emplifying die acme of prcasion. Our man-made machmes are, we 
know, imperfect and inaccurate, but we have chenshed a behef that 
the innermost workings of the atom would exemplify absolute ac- 
curacy and precision. Yet Heisenberg now makes it appear that nature 
abhors accuracy and precision above all things 

Accordmg to the old saence, the state of a particle, such as an elec- 
tron, was completely specified when wc knew its position m space at 
a smgle instant and its speed of motion through space at the same 
instant These data, together with a knowledge of any forces which 
nught act on it from outside, determmed the whole future of the 
electron. If these data were given for all the particles m the umverse, 
the whole future of the umverse could be predicted 

The new saence, as mterpreted by Heisenberg, asserts that these 
data are, from the nature of dungs, unprocurable If we know that 
an electron is at a certain pomt m space, we cannot specify exaedy 
the speed with which it is moving — ^nature permits a certam “mar- 
gin of error,” and if we try to get vathm this margm, nature will 
give us no help she knows nothmg, apparendy, of absolutely exact 
measurements In the same way, if we know the exact speed of 
motion of an electron, nature refiises to let us discover its exact posi- 
tion m space It is as though the position and motion of the electron 
bad been marked on the two different faces of a lantern shde If we 
put the shde m a bad lantern, we can focus half way between the two 
faces, and shall see both the position and motion of the electron toler- 
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ably dearly With a perfect lantern, we could not do this, the more 
we focused on one, the more blurred the other would become. 

The imperfect lantern is the old saence It gave us the illusion that, 
if only we had a perfect lantern, we should be able to determme both 
the position and motion of a parode at a given instant with perfect 
sharpness, and it was this illusion that mtroduced determinism mto 
saence But now that we have the more perfect lantern m the new 
saence, it merely shovra us that the specifications of position and 
motion he m two different planes of reahty, which cannot be brought 
simultaneously mto sharp focus In so doing, it cuts away the ground 
on which the old determunsm was based. 

Or agam, to take another analogy, it is almost as though the joipts 
of the umverse had somehow worked loose, as though its mechan- 
ism had devdoped a certain amount of “play,” such as we find m a 
wcll-wom engme Yet the analogy is misleadmg if it suggests that 
the umverse is m any way worn out or imperfect. In an old or ,wom 
engme, the degree of “play” or “loosejomtedness” vanes from pomt 
to pomt, m the natural world it is measured by the mystenous quan- 
tity known as “Planck’s constant h,” which proves to be absolutdy 
uniform throughout the imiverse Its value, both m the laboratory 
and m the stars, can be measured m innumerable ways, and always 
proves to be precisely the same Yet the fact that “loosejomtedness,” 
of any type whatever, pervades the whole umverse destroys the case 
for absolutely stnet causation, this latter bemg the characteristic of 
perfeedy fittmg machmery 

The uncertamty to which Heisenberg has called attention is parti- 
ally, but not wholly, of a subjective nature The fact that we cannot 
specify the position and speed of an electron with absolute precision 
arises m part from the clumsmess of the apparatus with which we 
work— just as a man cannot weigh himself with absolute accuracy if 
he has no weight less than a pound at his disposal The smallest umt 
known to saence is an electron, so that no smaller umt can possibly 
be at the disposal of the physicist. In actual fact, it is not the fimte 
size of this umt that is the immediate cause of the trouble, so much 
as that of the mystenous umt h mtroduced by Planck’s quantum 
theory This measiues the size of the “jerks” by which nature moves, 
and So long as these jerks are of fimte size, it is as impossible to make 
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exact measurements as to weigh oneself exactly on a balance which 
can only move by jerks 

This subjective vmcertamty has, however, no bearmg on tlie prob- 
lems of radio-activity and radiation discussed on pages 14 and 16 
And there are many other phenomena of nature, too numerous even 
to enumerate here, which cannot be mcluded m any consistent scheme 
unless the conception ofmdeterrmnacy is mtroduced somewhere and 
somehow 

These and other considerations to which we shall return below 
(pp 25, 82) have led many physiasts to suppose that there is no 
deterrmmsm m events m which atoms and electrons are mvolved 
s^gly* ^d that the apparent determinism m large-scale events is only 
of a statistical nature Dirac desenbes the situation as follows. — 

When an observauon is made on any atomic system, m a given state the 
result will not m general be determinate, i e , if the experiment is repeated 
several times imdcr identical conditions, several different results may be 
obtained If the experiment is repeated a large number of tunes, it will be found 
that each pamcular result will be obtained a defimte fraction of the total 
number of tunes, so that one can say there is a defimte probabihty of its being 
obtained any time the expenment is performed This probabihty the theory 
enables one to calculate In spcaal cases, the probabihty may be umty, and 
the result of the experiment is then qmte determinate 

In other words, when wc arc deahng with atoms and electrons m 
crowds, the mathematical law of averages imposes the dctermimsm 
which physical laws have faded to provide 

W e can illustrate the concept by an analogous situation m the large- 
scale world If we spm a halfpenny, nothmg withm our knowledge 
may be able to deadc whether it will come down heads or tads, yet 
if we throw up a mdhon tons of halfpence, we know there will be 
500,000 tons of heads and 500,000 tons of tads The expenment may 
be repeated time after time, and will always give the same result We 
may be tempted to mstance it as evidence of the uniforrmty of nature, 
and to uifer the action of an underlymg law of causation m actual 
fact It IS an instance only of the operation of the purely mathematical 
laws of chance 

Yet the number of halfpence in a mdhon tons is nothmg m com- 
parison With the number of atoms in even the smallest piece of mat- 
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ter with which the earlier physicists could experiment. It is easy tc 
see how the illusion of determinacy — if it is an illusion — crept mtc 
saence 

We have sdli no definite knowledge on any of these problems A 
number, although I think a rapidly diminishing number, of physi 
casts still expect that m some way the law of stnet causation will m the 
end be restored to its old place m the natural world, but the recent 
trend of scientific progress gives them no encouragement At an) 
rate, the concept of stnet causation finds no place m the picture ol 
the umverse which the new physics presents to us, with the result 
that this picture contains more room than chd the old mechamca] 
picture for life and consaousness to exist withm the picture itself 
together with the attributes which we commonly associate with 
them, such as fi^c will, and the capaaty to make the umverse m some 
«;mall degree difierent by our presence For, for aught we know, or 
for aught that die new saence can say to the contrary, the gods which 
play tie part of fate to the atoms of our brains may be our own 
mmds Through these atoms our mmds may perchance affect the 
motions of our bodies and so the state of the world around us Today 
saence can no longer shut the door on this possibihty, she has no 
longer any unanswerable arguments to bring agauist our mnate con- 
viction of firee will On the other hand, she gives no hmt as to what 
absence of determinism or causation may mean. If we, and nature m 
general, do not respond m a umque way to external stunuh, what 
determmes the course of events? If any thin g at all, we are thrown 
back on determinism and causation, if nothmg at all, how can any- 
thing ever occur? 

As I see It, we are unlikely to reach any definite conclusions on 
these questions until we have a better understandmg of the true nature 
of time The fundamental laws of nature, m so far as we are at present 
acquamted with them, give no reason why time should flow steadily 
on they are equally prepared to consider the possibflity of time stand- 
mg still or flowing backwards The steady onward flow of time, 
which IS the essence of the cause-effect relation, is something which 
we superpose on to the ascertamed laws of nature out of our own 
cxpcnence, whether or not it is inherent m the nature of time, we 
simply do not know, although, as we shall see shortly, the theory of 
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relativity goes at any rate some distance towards stigmatizi n g this 
steady onward flow of time and the cause-cfiect relation as lUuaons; 
It regards time merely as a fourth dimension to be added to the three 
dimensions of space, so that post hoc ergo propter hoc may be no more 
true of a sequence of happemngs m time than it is of the sequence of 
telegraph poles along the Great North Road 

It is always the puzzle of the nature of time that brmgs our thoughts 
to a standstill And if time is so fundamental that an understandmg of 
Its true nature is for ever beyond our reach, then so also m all proba- 
bihty IS a deasion m the age-long controversy between determinism 
and free will. 

The possible abohtion of determinism and the law of causation 
from physics are, however, comparaDvely recent developments in 
the history of the quantum theory. The pnmary object of the theory 
was to explam certam phenomena of radiation, and to understand 
the question at issue we must retrace our steps as far back as Newton 
and the seventeenth century. 

The most obvious fact about a ray of hght, at any rate to superfiaal 
observation, is its tendency to travel m a straight hne; every one is 
farmhar with the straight edges of a sunbeam m a dusty room As a 
rapidly moving particle of matter also tends to travel in a straight 
hne, the early saentists, rather naturally, thought of hght as a stream 
of particles thrown out from a lummous source, hke shot from a gun. 
Newton adopted this view, and added precision to it m his “corpus- 
cular theory of hght” 

Yet It IS a matter of common observation that a ray of hght does 
not always travel m a straight hne It can be abruptly turned by re- 
flection, such as occurs when it falls on the surface of a mirror Or 
Its palli may be bent by refraction, such as occurs when it enters 
water or any hquid medium, it is refraction that makes our oar look 
broken at the pomt where it enters the water, and makes the nver 
look shallower than it proves to be when we step mto it. Even m 
Newton’s time the laws which governed these phenomena were well 
known. In the case of reflection the angle at which the ray of hght 
struck the mirror was exaedy the same as that at which it came off 
after reflection, m other words, hght bounces off a mirror ftke a ten- 
nis ball bounemg off a perfectly hard tennis court. In the case of re- 
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fraction, the smc of the angle of madencc stood m a constant ratio to 
the sine of the angle of refraction We find Newton at pains to show 
that his hght-corpuscles would move m accordance with these laws, 
if they were subjected to certam definite forces at the surfaces of a 
mirror or a refractmg hqmd Here are Propositions xcrv and xcvi of 
liie Prmapta — 


PROPOSITION xciv 

If two similar mediums be separated ftom each other by a space termimted 
on both sides by parallel planes, and a body m its passage through that space 
be attracted or impelled perpendicularly towards either of those mediums, and 
not agitated or hmdered by any other force, and the attraction be everywhere 
the same at equal distances from either plane, taken towards the same hand of 
the plane, I say, that the sine of madence upon either plane will be to the sme 
of emergence from the other plane m a given ratio 

PROPOSITION XCVI 

The same things bemg supposed, and that the motion before madence is 
swifter than afterwards, I say, that if the hnc of madence be mdmed continu- 
ally, the body will be at last reflected, and the angle of reflection will be equal 
to the angle of madence 

Newton’s corpuscular theory met its doom m the fret that when 
a ray of hght frlls on the surfree of water, only part of it is refracted 
The remamder is reflected, and it is this latter part that produces the 
ordmary reflections of objects m a lake, or the npple of moonhght 
on the sea It was objected that Newton’s theory failed to account for 
this reflection, for if hght had consisted of corpuscles, the forces at 
the surfree of the water ought to have treated all corpuscles alike, 
when one corpuscle was refiracted all ought to be, and this left water 
with no power to reflect the sun, moon or stars Newton tned to 
obviate this objection by attnbutmg “alternate fits of transmission 
and reflection’’ to the surfree of the water — the corpuscle which fell 
on the surface at one instant was admitted, but the next instant the 
gates were shut, and its compamon was turned away to form re- 
flected hght This concept was strangely and stnkmgly anOapatory 
of modem quantum theory m its abandonment of the uniformity of 
nature and its replacement of determinism by probabihties, but it 
failed to carry conviction at the time 
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And, in any case, the corpuscular theory was confronted by other 
and graver difficulties When studied in suffiacntly minute detail, 
light IS not found to travel m such absolutely straight lines as to sug- 
gest the motions of particles A big object, such as a house or a moun- 
tain, throws a defimtc shadow, and so gives as good protection &om 
the glare of the sun as it would from a shower of bullets But a tmy 
object, such as a very thm wire, hair or fibre, throws no such shadow. 
When we hold it m front of a screen, no part of the screen remains 
uniUummated In some way the hght contnves to bend round it, and, 
instead of a defimte shadow, we sec an alternation of light and com- 
paratively dark parallel bands, known as “mtcrference bands ” To 
take another instance, a large arcular hole m a screen lets through a 
circular patch of hght. But make the hole as small as the smallest of 
pinholes, and the pattern thrown on a screen beyond is not a tmy 
circular patch of hght, but a far larger pattern of concentric nngs, in 
which hght and dark nngs alternate — “diffraction nngs ” Fig 1 of 
Frontispiece, Plate 11 shows the pattern obtamed by allowmg a beam 
of hght to pass through a pmhole on to a photographic plate All the 
hght which IS more than a pinhole’s radius from the centre has m 
some way bent round the edge of the hole 

Newton regarded these phenomena as evidence that Ins “hght- 
corpuscles” were attracted by sohd matter. He wrote — 

The rays of hght that are in our air, in their passage near the angles of bodies, 
whether transparent or opaque (such as the circular and rectangular edges of 
coins, or of knives, or broken pieces of stone or glass), are bent or inflected 
round those bodies, as if they were attracted to them, and those rays which in 
their passage came nearest to the bodies are the most inflected, as if they were 
most attracted 

\ 

Here agam Newton was strangely antiapatory of present-day 
saence, his supposed forces bemg closely analogous to the “quan- 
tum forces” of the modem wavc-mechames But they failed to give 
any detailed explanation of diffraction-phenomena, and so met with 
no favour 

In time, all these and similar phenomena were adequately ex- 
plamed by supposmg that hght consists of Waves, somewhat similar 
to those which the wmd blows up on the sea, except that, instead of 
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each wave being many yards long, many thousands of waves go to 
a single mch Waves of hght bend round a small obstacle m exacdy 
the way m which waves of the sea bend round a small rocL A rocky 
reef miles long gives almost perfect shelter from the sea, but a small 
rock gives no such protection — ^the waves pass round it on either 
side, and re-unite behind it, just as waves of hght re-umte behmd our 
thm hair or fibre In the same way sea waves which fall on the 
entrance to a harbour do not travel m a straight hne across the har- 
bour but bend round the edges of the breakwater, and make the 
whole surface of the water m the harbour rough Fig 1 of Frontis- 
piece, Plate n shows the “roughness” beyond a pmhole produced by 
waves of hght which have bent round the edges of the pmhole hke 
sea waves bendmg round a breakwater The seventeenth century re- 
garded hght as a shower of particles, the eighteenth century, dis- 
covering that this was inadequate to account for small-scale phe- 
nomena such as we have just desenbed, replaced the showers of 
parucles by trains of waves 

Yet the replacement brought its own difficulties with it When 
sunhght IS passed through a pnsm, it is broken up mto a rambow- 
hke “spectrum” of colours — ^red, orange, yellow, green, blue, mdigo 
and violet If hght consisted of waves hke the waves of the sea, it can 
be shown that all the hght of the analysed sunhght ought to be found 
at the extreme violet end of the spectrum Not only so, but extreme 
violet waves have an unhrmted capaaty for absorbing energy, and 
as they have then mouths permanently wide open, all the energy of 
the umverse would rapidly pass mto the form of violet, or ultra- 
violet, radiation travelhng through space 

The “quantum theory” came mto bemg as an effort to cure the 
wave theory of hght of these defects It has been completely success- 
fiiL It has shown that Newton was not wholly wrong m regarding 
hght as corpuscular, for it has proved that a beam of hght may be 
regarded as broken up mto discrete umts, called “hght-quanta” or 
“photons,” with almost the defimteness with which a shower of ram 
may be broken up mto drops of water, a shower of bullets mto separ- 
ate pieces of lead, or a gas mto separate molecules 

At the same time, the hght does not lose its undulatory character 
Each htdc parcel of hght has a defimte quantity, of the nature of a 
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length, assoaated with it. We call tins its “wave length,” because 
when the hght in question is passed through a pnsm, it behaves 
exactly as waves of this particular length of wave would do Light 
of long wave length is made up of small parcels, and vice versa, the 
amount of energy in each parcel bemg mverscly proportional to this 
wave length, so that we can always calculate the energy of a photon 
from Its wave length, and vice versa 
It IS impossible even to summarize the great mass of evidence 
on which these concepts are based It all, absolutely without excep- 
tion, mdicates that hght travels through laboratory apparatus m un- 
broken photons, no observation yet made has revealed tlie existence 
of a fraction of a photon, or given any reason for suspecting that such 
a thmg can exist Two examples may typify the whole 
Radiation may, under smtable conditions, break up the atoms on 
which It falls A study of the shattered atoms discloses how much, 
energy has been let loose on each to do the work of breaking it up 
Invanably the energy proves to be exactly that of a complete photon, 
as calculated from its known wave length. It is as though an army of 
hght had come mto conflict with an army of matter It has long been 
known that the latter army consists of mdividual soldiers, the atoms; 
It now appears that tlie former also consists of mdividual soldiers, the 
photons, a study of the battlefield showmg that the conflict has con- 
sisted of mdividual man-to-man encounters 
As a second example, Professor Compton of Chicago has recently 
studied what happens when X-radiaQon falls on electrons He finds 
that the radiation is scattered exactly as though it consisted of matenal 
particles of hght, or photons, movmg as separate detached umts, this 
time like bullets on a batdefield, and hittmg all electrons which stand 
m their way. The extent to which mdividual photons are deflected 
from their courses at these colhsions makes it possible to calculate the 
energy of the photons, and agam this is found to agree exaedy with 
that calculated from their wave length 
This concept of mdivisible photons agam leads us back to mde- 
terminacy There are vanous methods of sphttmg up a beam of hght 
into two parts which follow difierent paths When the beam is re- 
duced to a smgle photon, it must follow either one path or the other. 
It cannot distribute itself over both because the photon is mdivisible 
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And Its choice of path proves to be a matter of probabihty, not of 
dcteriTunacy 

In this way it appears that the seventeenth century, which regarded 
hght as mere particles, and the nineteenth century, which regarded 
It as mere waves, were both vwong — or, if we prefer, both right 
Light, and mdeed radiation of all lands, is both particles and waves 
at the same time In Professor Compton’s expenments, X-radiation 
falls on single electrons and behaves like a shower of discrete parti- 
cles, m the expenments of Laue, Bragg and others, exaedy similar 
radiation falls on a sohd crystal and behaves m aU respects like a suc- 
cession of waves And it is the same throughout nature, the same 
radiation can simulate both particles and waves at the same time 
Now It behaves like particles, now like waves, no general pnnaple 
yet known can teU us what behaviour it will choose in any particular 
instance 

Clearly we can only preserve our behef m the uniformity of nature 
by malang the supposition that particles and waves are m essence the 
same dung And this brmgs us to the second, and far more exating, 
half of our story The first half, which hasjust been told, is that radia- 
tion can appear now as waves and now as particles, the second is that 
electrons and protons, the fimdamental umts of which all matter is 
composed (p 34), can also appear now as particles, and now as 
waves A duahty has recendy been discovered m the nature of elec- 
trons and protons similar to that already known to exist m the nature of 
radiation, these also appear to be particles and waves atthesametime 

When Newton’s corpuscular theory of hght first gave place to the 
undulatory theory, it became necessary to explam how a succession 
of waves could simulate the behaviour of a shower of particles, and 
move m a straight line except where it was deflected firom its course 
by reflection or refiraction For if the sunbeam let m through a crack 
m the shutter consisted of waves, it was natural to expect that they 
would spread through the whole of the room, just as a npple spreads 
over the whole surface of a pond, or as the very narrow beam which 
has passed through a pinhole has spread out in Rg 1 of Frontispiece, 
Plate n Yet Young and Fresnel showed that an undisturbed succes- 
sion of waves of suffiaent width would move as a beam, without 
appreaable sideways spread — like a shower of freely movmg pam- 
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clcs— and would be reflected from a mirror m the same way m which 
a projectile bounces ofF a perfectly hard surface It was also shown 
that such a system of waves would be refracted accordmg to the 
kno-wn laws of refraction of hght Fmally, if such a system of waves 
travelled through a medium whose refracting power changed con- 
tinuously, Its patli would be similar to that of a particle which was 
made to deviate from a straight path by continuously acting forces 
Indeed the two paths could be made identical by takmg the force at 
every pomt proportional to the change m the square of the refractive 
index This explamed the success of Newton’s Propositions xerv and 
xcvi which we have quoted on page 22 

Thus whatever the particles of Newton’s corpuscular theory could 
do, a succession of waves could do the same But, just because of 
their greater complexity, they were able to do more, and in every 
case m which the particles failed to simulate the behaviour of hght, 

It was found diat a system of waves could fill the part completely 
In this way Newton’s supposed particles became resolved mto sys- 
tems of waves 

The last few years have seen the particles of which ordinary mat- 
ter IS formed — i e , protons and electrons — resolved mto systems of 
waves in a somewhat similar way In many arcumstances, the be- > 
haviour of an electron or proton is found to be too complex to per- 
mit of explanation as the motion of a mere particle, Louis de Broghe, 
Schrodmger and others have accordingly tned to mterpret it as the 
behaviour of a group of waves and, m so domg, have founded the 
brancli of mathematical physics which is now known as “Wave- 
Mechames ” 

If we watch an ordmary tennis ball bouncmg off the surface of a 
perfeedy hard tennis court, we shall find that its motion is this same 
as that of a beam of hght reflected at the surface of a mirror, so that 
we may properly speak of the ball as bemg “reflected” from the sur- 
face of the court But there is not much gamed by the discovery. No 
doubt It would permit us to mterpret a tennis ball as a system of 
waves if we desired to do so, but we do not, for one dung we can 
see, or think we can sec, that a tenms ball is not a system of waves 

The case would be different if the movmg object were not a tennis 
ball but an electron If the motion of an electron bouncmg off a sur- 
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face were observed to be like that of a system of waves, nothing 
could preclude the possibility of the electron bemg a system of waves 
No one can now say “This does not mterest me — can see the elec- 
tron, and It clearly is not a system of waves,” for no one has ever 
seen an electron, or has the remotest conception as to'what it would 
look like We are just as free a prion to consider an electron as a sys- 
tem of waves, as to consider Newton s light-corpuscles as systems of 
waves And to find out whether an electron really is a system of 
waves, we must turn to phenomena m which a hard particle and a 
system of waves would behave difierendy 
Now the phenomena m which the electron did not behave at all 
as It was expected to, so long as it was regarded as a particle, provide 
precisely the group of phenomena we want, and m every case the 
electron is found to behave exaedy like a system of waves One par- 
ticular phenomenon is that of a shower of electrons bouncmg off a 
metal plate, they do not bounce off hke a shower of hail-stones or 
tennis balls, but produce a diffraction pattern (p 23) as a system of 
waves would do (see Frontispiece, Plate n, Fig 3) And it is the same 
when the shower of electrons is shot through a tmy aperture, they 
spread laterally and produce a diffraction pattern very similar to that 
producedby waves of hght (see Fmnftijnete Plate H, Figs land 2) 
This docs not of course prove that an electron actually consists of 
waves, but it raises the question whether a system of waves does not 
provide a better picture of the electron than the hard particle Actu- 
ally a system of waves provides a picture which has never yet fiuled 
to predict the behaviour of the electron, while the conception of an 
electron as a hard particle has failed on innumerable occasions 
The new wave-mechames shows that a movmg electron or proton 
ought to behave hke a system of waves of qmte defimte wave length, 
this depends on the mass of the movmg particle, and on its speed of 
motion, but on nothing else And the wave lengths it assigns to elec- 
trons and protons movmg under ordinary laboratory conditions arc 
such as can be easily measured with ordinary laboratory apparatus 
Experiments on what may properly be desenbed as the reflection 
and refraction of electrons have been performed by Davisson and 
Germer m Amenca, by Professor G P Thomson at Aberdeen, by 
Rupp m Germany, by Kikuchi m Japan, and by many others Mov- 
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mg electrons are shot, as a parallel beam, either on to or through a 
metalhc surface And m each case the effect recorded on a smtably 
placed photographic plate is not at all that which would be observed 
if the dectrons behaved hke a shower of small shot or other hard 
particles A dif&action pattern is mvanably obtained, consisting of a 
s)'stem of concentnc rings, hght and dark rmgs alternating The pat- 
tern IS the same as would have been produced if waves of a certam 
definite wave length had fallen on the metal, and when the wave 
length IS measured it proves to be exactly that predicted by the wave- 
mechames formula aheady mentioned Recently Professor A. J 
Dempster of Chicago has had a similar success with movmg protons. 

These and other experiments make it clear that the waves and 
wave lengths assoaated with movmg electrons and protons are at 
least some thin g more than a pure myth. Somethmg of an undida- 
tory nature is certainly mvolved, and the picture which represents 
movmg electrons and protons as systems of waves expl a ins their be- 
haviour far better, both inside and outside atoms, than did the old 
picture which regarded them merely as charged particles 

We shall discuss the nature of these waves more fully below (p. 
81) For our immediate purpose it is enough that the mgredients of 
matter (electrons and protons) and radiation both exhibit a dual 
nature. So long as saence deals only with large-scale phenomena, an 
adequate picture can generally be obtained by supposmg both to be 
of the nature of particles But when saence comes to closer gnps 
with nature, and passes to the study of small-scale phenomena, mat- 
ter and radiation are found equally to resolve themselves mto waves 

If we want to imderstand the fundamental nature of the physical 
universe, it is to these small-scale phenomena that we must turn our 
attention. Here the ultimate nature of thmgs hes hidden, and what 
we are findin g is waves 

In this way, we are begmmng to suspect that we hve m a umverse 
of waves, and nothmg but waves. We shall discuss the nature of these 
waves below At the moment it is enough to notice that modem 
science has travelled very far firom the old view which regarded the 
umverse merely as a collection of hard bits of matter m which waves 
of radiation occasionally appeared as an madent. And the next chap- 
ter wiU carry us farther along the same road. 



CHAPTER THREE 


MATTER AND RADIATION 

I N THE EARLY days of saencc, the unquestiomng acceptance of the 
law of causation as a guiding pnnaplc in the natural world led to 
the discovery and formulation of laws of the general type “an as- 
signed cause A leads to a known efiect B ” For instance the addition 
of heat to ice causes it to melt, or stated m more detail, heat decreases 
the amount of ice m the universe and mcreases the amount of water 
Primitive man would become acquamted with this law very easily 
— he had only to watch the action of the sun on hoar frost, or the 
effect of the long summer days on the mountain glaaers In wmter 
he would notice that cold changed water back mto ice At a further 
stage It might be discovered that the re-frozen ice was equal m 
amount to the onginal ice before mcltmg It would then be a natural 
inference that somethmg belongmg to a more general category than 
either water or ice had remamed unaffected m amount throughout 
the transformation 

ice — ^ water — ^ ice 

Modem physics is famihar with laws of this type, which it des- 
enbes as "conservation laws ” The discovery we havejust attnbuted 
to primitive man is a spcaal case of the law of conservation of mat- 
ter The law of “conservation of X," whatever X may be, means 
that the total amount of X m the umverse remains perpetually the 
same nothing can change X mto somethmg which is not X Every 
such law IS of necessity hypothetical, what it actually expresses is that 
nothmg we have so far done has succeeded m changmg the total 
amount of X And if we have tned enough things and failed every 
time. It IS legitimate to propound a law of conservation of X, at any 
rate as a workmg hypothesis 

At the end of last century, physical saence recognized three major 
conservation laws — 

A the conservation of matter, 

B „ „ mass, 

„ „ energy 
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Other minor laws, such as those of the conservation of hnear and 
angular momenta, need not enter our discussion, smce they are mere 
deductions from the three major laws already mentioned 

Of the three major laws, the conservation of matter was the most 
venerable It had been imphcd m the atomistic philosophy of Demo- 
cntus and Lucretius, which supposed all matter to be made up of 
uncreatable, unalterable and mdestrucuble atoms. It asserted that the 
matter content of the umverse rcmamcd always the same, and the 
matter content of any bit of the umverse or of any region of space 
remamed the same except m so far as it was altered by the ingress or 
egress of atoms The umverse was a stage m which always the same 
actors — the atoms — played their parts, diffenng m disguises and 
groupmgs, but without change of identity. And these actors were 
endowed with immortahty 

The second law, that of the conservation of mass, W'as of more 
modem growth Newton had supposed every body or piece of sub- 
stance to have assoaated with it an unvarymg quantity, its mass, 
which gave a measure of its “mertia” or reluctance to cliange its 
monbn. If one motor car reqmres twice the engme power of another 
to give us equal control over its motion, we say that it has twice the 
mass of the latter car The law of gravitation asserts that the gravita- 
tional puUs on two bodies are m exact proportion to their masses, so 
that if the eardi's attraction on two bodies proves to be the same, 
thar “masses” must be the same, whence it follows that the simplest 
way of measurmg the mass of any body is by weighmg it 

In the course of ume, chemistry showed that the Lucretian ‘ ‘atoms” 
had no right to their name (d-n^veiv, mcapable of being cut) They 
proved not to be “uncuttable” at all, and so were henceforth called 
^ molecules,” the name “atom” bemg reserved for the smaller umts 
into which the molecules could be broken up There are many ways 
in which molecules may be broken up and their atoms rearranged. 
Mere contiguity with other molecules may suffice, as for instance 
when iron rusts or acid is poured on to metal Molecules may also 
be broken up by bummg, explodmg, heatmg, or by the madence 
of hght For instance, if a bottle of hydrogen peroxide is stood m 
a light place, the mere passage of hght through the hquid breaks 
up each molecule of hydrogen peroxide (HoOo) mto a molecule 
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of water (HjO) and an atom of oxygen (O) When we take the 
cork out of our botde we shall hear a “pop” caused by the escape 
of the oxygen gas, and find that some of the hydrogen peroxide 
has been changed mto water Molecules of silver bromide are"^ also 
rearranged by the madencc of hght, this change formmg the basis of 
photography 

Towards the end of the eighteenth century Lavoisier beheved 
he had found that the total weight of matter remamed unaltered 
throughout all the chemical changes at his command. In due course 
the law of “conservation of mass" became accepted as an mtegral 
part of saence We know now that it is not altogether exact, the 
weight of the oxygen which escapes from our bottle of peroxide, 
added to that of the flmd which remains, is shghtly greater than the 
weight of the onginal peroxide, and a photographic plate gams m 
weight by being exposed to the hght We shall sec shortly that the 
law IS mexact because it neglects the weight of the hght absorbed by 
the molecules of hydrogen peroxide or silver bromide 

The third prmaple, that of the conservation of energy, is the most 
recent of alL Energy can exist m a vast vanety of forms, of which 
the simplest is pure energy of motion — the motion of a tram along 
a level track, or of a billiard ball over a table Newton had shown 
that this purely mechanical energy is “conserved ” For instance, when 
two bilhard balls colhde, the energy of each is changed, but the total 
energy of the two remains unaltered, one gives energy to the other, 
but no energy is lost or gamed m the transaction This, however, is 
only true if the balls arc “perfeedy clastic,” an ideal condition m 
which the balls sprmg back firom one another with the same speed 
with which they approached Under actual conditions such as occur 
m nature, mechamcal energy mvanably appears to be lost, a buUct 
loses speed on passing through the an, and a tram comes to rest m 
time if the engme is shut off In all such cases heat and sound are pro- 
duced Now a long senes of mvestigations has shown that heat and 
sound are themselves forms of energy In a classical senes of expen- 
ments made m 1840-1850, Joule measured the energy of heat, and 
tned to measure the energy of sound with the rudimentary appara- 
tus of a violoncello string Imperfect though his experiments were, 
they resulted m the recognition of “conservation of energy" as 
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s. pnnaple winch covered all known transformations of energy 
through Its various modes of mechanical energy, heat, sound and 
electneal energy. They showed m bnef that energy’ is transformed 
rather than lost, an apparent loss of energy’’ of motion bemg com- 
pensated by the appearance of an exactly equal energy of heat and 
sound; the energy' of motion of the rushing tram is replaced by the 
equivalent energy’ of the noise of the shnekmg brakes and of the 
heatmg of whe^, brake blocks and rails 

Throughout the second half of the nmeteenth century these three 
conservation laws stood unchallenged The conservation of mass was 
supposed to be the same thin g as the conservation of matter, because 
the mass of any’ body’ was regarded as the sum of the masses of its 
atoms, this of course explamed simply — all too simply, as we now 
know — ^why total mass could not be altered by chemical action. But 
the newly’ discovered prmaple of conservation of energy stood apart 
&om the two older laws, a thing by itself The umverse w’as stdl 
en\’isagcd as a stage m which the players were atoms, each of which 
conserved its identity and mass through all time To complete the 
picture, an entity’ known as energy was bandied about from one 
player to another, and this, hke the actors themselves, was mcapable 
of either creation or annihilation. 

These three conservation laws ought of course to have been treated 
merely as working hy’potheses, to be tested m every’ conceivable way 
and discarded as soon as they showed signs of failing. Yet so securely 
did they seem to be established that they were treated as indisputable 
umversal laws Nmeteenth-century physicists w’ere accustomed to 
write of them as though they governed the ■whole of creation, and 
on this basis philosophers dogmatized as to the fundamental nature 
of the universe. 

It -was the cahn before the humcane The first rumble of the ap- 
proaching storm was a theoretical mvesngation by Sir J. J Thomson, 
which showed that the mass of an electrified body could be changed 
by setting it mto motion, the faster such a body moved the greater 
Its mass became, in opposition to Ne'wton’s concept of a fixed un- 
alterable mass For the moment, the pnnaple of conservation of mass 
appeared to have abandoned saence 

For a time fins conclusion remamed of merely’ academic mterest, 
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It could not be tested observationally because ordinary bodies could 
neither be charged with suffiaent electnaty, nor set into motion 
with sufSaent speed, for the vanations of mass predicted by theory 
to become appreaable m amount Then, just as the mneteenth cen- 
tury was drawmg to a close. Sir J J Thomson and his followers 
began to break up the atom, which now proved to be no more un- 
cuttable, and so no more entitled to the name of “atom,” than the 
molecule to which the name had previously been attached They 
were only able to detach small fragments, and even now the com- 
plete break-up of the atom mto its ultimate constituents has not been 
fully achieved These fragments were found to be all precisely sirm- 
lar, and charged with negative electnaty They were accordingly 
named “electrons ” 

These electrons are far more mtensely electrified than an ordinary 
body can ever be A gramme of gold beaten, as thm as it will go, 
mto a gold leaf a yard square, can with luck be made to hold a charge 
of about 60,000 electrostatic umts of electnaty, but a gramme of 
electrons cames a permanent charge which is about rune miUion mil- 
hon times greater Because of this, and because electrons can be set 
mto motion by electncal means with speeds of more than a hundred 
thousand miles a second, it is easy to verify that an electron’s mass 
vanes with its speed Exact experiments have shown that the vana- 
tion IS precisely that predicted by theory 

Thanks mainly to the researches of Rutherford, it has now been 
established that every atom is built up entirely of negatively charged 
electrons, and of positively charged particles called “protons”, mat- 
ter proves to be nothmg but a collection of particles charged with 
electnaty With one turn of the kaleidoscope all the saences which 
deal with the properties and structure of matter have become ramifi- 
cations of the smgle saence of electnaty Before this, Faraday and - 
Maxwell had shown that all radiation was electncal m its nature, so 
that the whole of physical saence is now comprised withm the smgle 
saence of electnaty 

Smce every body is a collection of electncal charged particles, the 
theoretical mvestigation already mentioned shows that the mass of 
every movmg body must vary with its speed of motion The mass 
of a movmg body may be regarded as made up of two parts — a fixed 
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part which the body retains even w'hen at rest, known as its “rest- 
mass,” and a vanable part which depends on the speed of its motion. 
Both obsen.'ation and theory have shown that this second part is 
cxacdy proportional to die energy of motion of the body, the masses 
-of two electrons, or any two other bodies similar to one another, 
differ to just the extent to which their energies differ 
In 1905 Einstem extended this mto a tremendous generahzaDon. 
He showed that not only energy of moGon but energy of every con- 
ceivable land must possess mass of its o\vn, if it were not so, the 
theory of relanvity could not be true In this way every observa- 
tional test of the theory of relabvity \vas made a wimess to the truth 
of the hypothesis that energy possesses mass Einstem’s mvesOgaGon 
showed that the mass of energy of any land whatever depends solely 
on the amount of the energy to which it is exaedy proportional. It 
IS also exceedmgly small The Maurctama fuUy loaded, weighs about 
50,000 tons, when she is traveUmg at twenty-five knots, her motion 
only mcreases her waght by about a milhonth part of an ounce. The 
energy that a man puts mto a long hfeGme of heavy manual labour 
weighs only a 60,000th part of an ounce 
This discovery made it possible to reinstate the prmciple of con- 
servation of mass For mass is the aggregate of rest-mass and energy- 
mass, and as each of these is conserved separately (the former because 
matter is conserved, and the latter because energy is conserved), there 
must be a conservation of total mass Nmeteenth-century physics 
had regarded the conservaGon of mass as a consequence solely of the 
conservaGon of mauer. TwenGeth-century physics discovered that 
the conservaGon of energy was also involved, mass is now seen to be 
conserved only because matter and energy are conserved separately. 

So long as atoms were regarded as permanent and mdestrucGble 
— ‘the imperishable foundaGon stones of the umverse,” to use Max- 
well’s phrase — ^it was natural to treat them as the fimdamental con- 
sntuents of the umverse The umverse was, m brief, a umverse of 
atoms, radiaGon bemg of qmte secondary importance Every now 
and then an atom was supposed to be set m vibraGon, as a bell is 
struck, and ermtted radiaGon for a brief time, as a bell ermts sound, 
unnl It lapsed back to its normal state of qmescence But radiaGon 
was no more regarded as a pnmary consGtuent of matter than sound 
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IS of a canllon of bells Inadentally this explains why it was found 
impossible to imagme how the sun could continue to radiate for 
thousands of milhons of years or more Sunhght was beheved to be 
produced by the agitation of atoms, but no one could imagme what 
mamtamed the agitation 

The scene began to change as soon as it was recognized that the 
atom was built up of electrified particles For no matter how far we 
retreat firom an electrified particle, we cannot get outside the range 
of Its attractions and repulsions This shows that an electron must, m 
a certam sense at least, occupy the whole of space Faraday and Max- 
well made the matter more exphcit than this, they pictured an elec- 
trified particle as an octopus-hke structure, a small concrete body 
which threw out a sort of feelers or tentacles, called “hnes of force,” 
throughout the whole of space When two electrified particles at- 
tracted or repelled one another, it was because their tentacles had 
somehow taken hold of one another, and pushed or puUccL These 
tentacles were supposed to be formed out of electric and magnetic 
forces, of which radiation is also formed When an atom emitted 
radiation it merely discharged some of its tentacles mto space, much 
as a porcupme is said to throw out its quills This concept placed radi- 
ation and matter m more mtimate relations than ever before 

Smee all types of radiation are forms of energy, they must, in ac- 
cordance with Einstem’s prmaple, carry mass assoaated with them. 
When an atom emits radiation, its mass diminishes by the mass of 
the emitted radiation, just as, if a porcupme were to throw out its 
quills, Its weight would dimmish by the weight of the quills Thus 
when a piece of coal is burnt, its weight is not altogether reproduced 
m the ashes and the smoke, we must add to these the weight of the 
hght and heat emitted m the process of combustion Only then will 
the total be exactly the weight of the onginal piece of coal 

As far back as 1873, Maxwell had shown that radiation would 
exert a pressufe on any surface on which it fell We now regard this 
as a necessary consequence of the fact that radiation caraes mass about 
with It, a beam of hght consists of mass moving livith the speed of 
hght — 186,000 miles a second Subsequently Lebedew observed this 
pressure, and Nichols found its amount to be that calchilated by 
Maxwell A target could be seen to flmch under the impact of the 
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radiation from a bnght light, just as though a bullet had been fired 
into It But the impact of such hght as we expenence on earth is 
extremely shght, to see the full imphcations of the phenomenon we 
must leave the earth and the physics which has been developed m 
terrestnal laboratones, m favour of the sky and the wider physics 
which we see m operation m the colossal cruables of the stars Heat 
an ordinary six-mch cannon ball up to 50 million degrees, which is 
the kmd of temperature we expect to find at the centre of the sun or 
of an average star, and the radiation it ermts would suffice to mow 
down — ^by its mere impact, hkc the jet of water from a fire hose — 
any one who approached withm fifty rmles of it. Indeed mside the 
stars this pressure of radiation is so large that it supports an apprea- 
able firaction of the weight of the stars 
Calculation shows that about a ten-thousandth of an ounce of sun- 
hght falls every mmute on every square mile of land directly under 
the sun, it falls with the speed of hght, and m bemg brought to rest 
It exerts a pressure of about 0 000,000,000,04 atmosphere on the 
land The figures look absurdly small — ^the weight of sunshme which 
falls m a century is less than the weight of ram which falls m a fiftieth 
of a second of a heavy shower Yet the amount is small only because 
a field a mile square is such a mmute object m astronomical space 
The total emission of radiation by the sun is almost exactly 250 mil- 
hon tons a mmute, which is something like 10,000 tunes the average 
rate at which water flows under London Bndge. And, madentally, 
if our factor of 10,000 is wrong, it is not because we do not know the 
exact weight of solar radiation, but because we do not know the 
average flow of the Thames with very great precision Astronomical 
physics IS a far more exact saence than terrestnal hydrauhes 

A certain weight of radiation falls on to the sun from other stars, 
but this IS qmte mappreciable m comparison with the weight of the 
radiation which streams out, so that the sun can only mamtam its 
"weight if actual matter is streaming mto it at the rate of close upon 
250 million tons a mmute. 

As the sun journeys through space it must continually sweep up 
stray matter m the form of odd atoms and molecules, of dust particles 
and of meteors These last are small sohd objects which exist m 
enormous numbers m the solar system, revolving around the sun m 
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orbits like those of the planets Occasionally they dash into the earth’s 
atmosphere, when the air-resistancc of their earthward fall raises 
them to mcandcscencc, and they appear as shootmg-stars Generally 
these dissolve into vapour before rcachmg the earth’s surface, only ' 
occasionally is one massive enough to survive the dismtcgratmg effect 
of this air-resistancc, and it then strikes the earth in the form of a 
stone, known as a meteorite These are sometimes of enormous size 
The fall of a meteontc m Sibena m 1908 set up blasts of air which 
devastated the forests over an enormous area, while the shock of its 
impact on the sohd earth caused waves which were recorded thou- 
sands of miles away. And a vast crater-shaped depression m Arizona, 
three miles m arcumference, is beheved to have been caused by the 
fell of a still larger meteonte m prchistonc times Yet such giants 
are rare, and the average meteor is a puny affair, generally no larger 
than a cherry or a pea 

Shapley has estimated that many thousands of milli ons of shooting- 
stars enter the earth’s atmosphere every day, each of these is turned 
mto dust and vapour, and the earth’s weight is correspondmgly 
mcreased An mcomparably greater number must fell mto the sun, 
measured by miUions of milhons per second, and these probably 
provide by far the largest contnbution to the sun’s bag of stray 
matter Yet Shapley estimates that the total weight of meteonc matter 
felhng mto the sun can hardly exceed 2,000 tons a second, which is 
less than a 2,000th part of the weight it loses by radiation. Thus it , 
seems fairly certam that on the balance the sun must be losing weight 
at a rate of very near 250 miUion tons a mmute, it is a wasting struc- 
ture, gradually disappcarmg before our eyes, it is meltmg away like 
an iceberg m the Gulf Stream And the same must be true of other 
stars 


This conclusion accords well with the general broad facts of astro- 
nomy Although there is no absolute proof, a large accumulation of 
evidence goes to show that yoimg stars are heavier than old stars 
They are not heavier merely by a few nulhon tons, but several times 
heavier — often 10, 50 or even 100 times heavier By far the simplest 
explahation is that the stars lose the greater part of then: weight m 
the course of their hves Now a simple calculation shows that the 
sun, losing weight at a rate of about 250 nulhon tons a mmute, would 
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require millions of millions of years to lose the greater part, or even 
a considerable part, of its weight And, as other stars tell much the 
same story, we are led to assign lives of rmlhons of milhons of years 
to the stars m general 

We have other means of esdmatmg the length of stellar hves In 
particular, the motion of the stars m space proclaims their extreme 
antiquity, and agam assigns to them hves of rmlhons of milhons of 
years We have seen how far removed from one anotlier m space 
the stars are — so far that it is very rare for two stars to approach 
each other at aU closely Yet if the stars have hved these tremendously 
long hves of miUions of milhons of years, each star ought to have 
expenenced a number of fairly close approaches The gravitational 
pulls which the stars would exert on one another on these occasions 
would not generally be mtense enough to tear out planets, but would 
sufEce to deflect the stars from then courses and change the speeds 
of their motions In the case of bmary systems, which consist of two 
separate masses movmg through space m double harness like a smgle 
star, the gravitational puU of a near star would re-arrange the orbits 
of the two constituents of the bmary star 

Now all these effects can be calculated m detail, so that we know 
exaedy what to expect if the stars have really hved the terrifically 
long hves of milhons of rmlhons of years we are provisionally allot- 
ting to them Andeverythmg welookforwefind All the antiapated 
effects are there, and, so far as we can tell, their magmtudes mdicate 
that the stars have hved for rmlhons of rmlhons of years 

Against all this, there is evidence of another land, which seems to 
pomt to a very different conclusion, and so must be discussed m some 
detail even though it is luglily techmeal, and takes us mto the most 
difficult part of the difficult theory of relativity 

As we shall see m the next chapter, this theory tells us that space 
Itself IS curved, much m the same way m which the surface of the 
earth IS curved The curvature of space is responsible for the curvmg 
of rays of hght which is observed at a solar echpse, and for the 
curvature m the paths of planets and comets, which we used to attn- 
butc to a “force” of gravitation On this theory, the presence of 
matter does not produce “force,” which is an illusion, but a curving 
of space To confront our difficulties smgly, let us for the moment 
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orbits like those of the planets Occasionally they dash into the earth’s 
atmosphere, when the air-resistance of tieir earthward fall raises 
them to mcandescence, and they appear as shootmg-stars Generally 
these dissolve mto vapour before reachmg the eardi’s surface, only ' 
occasionally is one massive enough to survive the disintegrating effect 
of this air-resistance, and it then strikes the earth m the form of a 
stone, known as a meteorite These are sometimes of enormous size 
The fall of a meteorite m Sibena m 1908 set up blasts of air which 
devastated the forests over an enormous area, while the shock of its 
impact on the sohd earth caused waves which were recorded thou- 
sands of miles away And a vast crater-shaped depression m Arizona, 
three miles m circumference, is beheved to have been caused by the 
fall of a still larger meteonte m prehistonc times Yet such giants 
are rare, and the average meteor is a puny affair, generally no larger 
than a cherry or a pea 

Shapley has estimated that many thousands of milhons of shooting- 
stars enter the earth’s atmosphere every day, each of these is turned 
mto dust and vapour, and the earth’s weight is correspondingly 
mcreased An mcomparably greater number must fall mto the sun, 
measured by milhons of milhons per second, and these probably 
provide by far the largest contnbution to the sun’s bag of stray 
matter Yet Shapley estimates that the total weight of meteoric matter 
fallmg mto the sun can hardly exceed 2,000 tons a second, which is 
less than a 2,000th part of the weight it loses by radiation. Thus it , 
seems fairly certam that on the balance the sun must be losmg weight 
at a rate of very near 250 rrulhon tons a imnute, it is a wasting stme- 
ture, gradually disappearmg before our eyes, it is melting away like 
an iceberg m the Gulf Stream And the same must be true of other 
stars 

This conclusion accords well with the general broad facts of astro- 
nomy Although there is no absolute proof, a large accumulation of 
evidence goes to show that young stars are heavier than old stars 
They are not heavier merely by a few rmlhon tons, but several times 
heavier — often 10, 50 or even 100 times heavier By far the simplest 
explanation is that the stars lose the greater part of their weight m 
the coime of their hves Now a simple calculation shows that the 
sun, losmg weight at a rate of about 250 milhon tons a mmute, would 
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require millions of millions of years to lose the greater part, or even 
a considerable part, of its weight. And, as other stars tell much the 
same story, we are led to assign hves of milhons of milhons of years 
to the stars m general 

We have other means of estimatmg the length of stellar hves In 
particular, the motion of the stars m space proclaims their extreme 
anoqmty, and again assigns to them hves of milhons of milhons of 
years We have seen how far removed from one another m space 
the stars are — so far that it is very rare for two stars to approach 
each other at all closely Yet if the stars have hved these tremendously 
long hves of milhons of milhons of years, each star ought to have 
expenenced a number of fairly close approaches The gravitational 
pulls which the stars would exert on one another on these occasions 
would not generally be mtense enough to tear out planets, but would 
suffice to deflect the stars from their courses and change the speeds 
of their motions In the case of bmary systems, which consist of two 
separate masses movmg through space m double harness like a smgle 
star, the gravitational pull of a near star would re-arrange the orbits 
of the two constituents of the bmary star. 

Now all these effects can be calculated m detail, so that we know 
exaedy what to expect if the stars have really hved the terrifically 
long hves of millions of milhons of years we are provisionally allot- 
ting to them And ever)'thmg we look for we find All the antiapated 
effects are there, and, so far as we can teU, their magmtudes mfficate 
that the stars have hved for milhons of milli ons of years 
Against all this, there is evidence of another kmd, which seems to 
point to a very different conclusion, and so must be discussed m some 
detail even though it is highly techmeal, and takes us mto the most 
difficult part of the difficult theory of relativity 
As we shall sec m the next chapter, this dieory tells us that space 
Itself IS curved, much m the same way m which the surface of the^ 
e^rth IS curved The curvature of space is responsible for the curvmg 
of rays of hght which IS observed at a solar echpse, and for the 
ourvature m the paths of planets and comets, which we used to attn- 
ute to a “force” of gravitation On this theory, the presence' of 
niatter does not produce “force,” which is an illusion, but a cuiying 
- 0 space To confront our difficulties smgly, let us for the moment 
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orbits like those of the planets Occasionally they dash into the earth’s 
atmosphere, when the air-resistance of their earthward fall raises 
them to incandescence, and they appear as shootmg-stars Generally 
these dissolve into vapour before reachmg the earth’s surface, only 
occasionally is one massive enough to survive the dismtcgratmg effect 
of this air-resistance, and it then strikes the earth m the form of a 
stone, known as a meteonte These are sometimes of enormous size 
The fall of a meteonte m Sibena m 1908 set up blasts of air which 
devastated the forests over an enormous area, while the shock of its 
impact on the sohd earth caused waves which were recorded thou- 
sands of miles away And a vast crater-shaped depression m Arizona, 
three miles m arcumfercnce, is beheved to have been caused by the 
fall of a stdl larger meteonte m prchistonc times Yet such giants 
arc rare, and the averse meteor is a puny affair, generally no larger 
than a cherry or a pea. 

Shapley has estimated that many thousands ofmilhons of shooting- 
stars enter the earth’s atmosphere every day, each of these is turned 
mto dust and vapour, and the earth’s weight is correspondingly 
mcreased An mcomparably greater number must fall mto the sun, 
measured by milhons of millions per second, and these probably 
provide by far the largest contnbution to the sun’s bag of stray 
matter Yet Shapley estimates that the total weight of meteonc matter 
falhng mto the sun can hardly exceed 2,000 tons a second, which is 
less than a 2,000th part of the weight it loses by radiation. Thus it , 
seems fairly certam that on the balance the sun must be losmg weight 
at a rate of very near 250 milhon tons a mmutc, it is a wasting struc- 
ture, gradually disappcarmg before our eyes, it is melting away like 
an iceberg m the Gulf Stream And the same must be true of other 
stars 

This conclusion accords well with the general broad facts of astro- 
nomy Although there is no absolute proof, a large accumulation of 
evidence goes to show that young stars are heavier than old stars 
They arc not heavier merely by a few milhon tons, but several times 
heavier — often 10, 50 or even 100 times heavier By far the simplest 
cxplahation is that the stars lose the greater part of their weight m 
the couKC of their hves Now a simple calculation shows that the 
sun, losing weight at a rate of about 250 milhon tons a mmute, would 

\ 


V 



MATTER AND RADIATION 


39 

require tmilions of millions of years to lose the greater part, or even 
a considerable part, of its -weight. And, as otlier stars tell much, the 
same stor)', -we arc led to assign lives of irulhons of milhons of years 
to the stars in general 

We have other means of estimating the Icngtli of stellar hves In 
particular, the motion of tlic stars m space proclaims their extreme 
anaqmty, and again assigns to them hves of milhons of milhons of 
years We have seen how far removed from one anotlicr m space 
the stars are — so far diat it is very rare for two stars to approach 
each other at all closely Yet if the stars have hved these tremendously 
long hves of milhons of milhons of years, each star ought to have 
experienced a number of fairly close approaches. The gra-vitational 
pulls which the stars would exert on one anotlier on these occasions 
would not generally be intense enough to tear out planets, but would 
suffice to deflect the stars from their courses and change the speeds 
of their motions In the case of bmary systems, which consist of two 
^parate masses moving through space in double harness like a smgle 
st^, the gravitational puU of a near star would re-arrange the orbits 
of the two consntuents of the bmary star. 

Mow all these effects can be calculated m detail, so that we know 
exactly what to expect if the stars have really hved the terrifically 
ong hves of millions of milhons of years we are provisionally allot- 
to them And cverythmg we look for we find All the antiapated 
\ there, and, so far as wc can teU, their magmtudes indicate 
3t the stars have hved for milhons of milhons of years 
Against all this, there is evidence of another land, whicli seems to 
point to a very different conclusion, and so must be discussed m some j 
j _ though It IS highly tcchmcal, and takes us mto the most / 
cult part of the difficult theory of relati-vity j 

. . sec m the next chapter, this tlieory tells us that space 

^ ^ ^tved, much m the same way m which the surface of thi 
IS curved The curvature of space is responsible for the cum 
rays of light which is observed at a solar echpse, and for 
wrvature in the paths of planets and comets, which we used to 
ute to a force of gravitation. On this theory, the presen' 

^^atter does not produce “force," which is an illusion, but a 
space To confront our difficulties smgly, let us for the 
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orbits like those of the planets Occasionally they dash into the earth’s 
atmosphere, when the air-resistance of their earthward fall raises 
them to mcandesccnce, and they appear as shootmg-stars Generally 
these dissolve mto vapour before reachmg the earth’s surface, only 
occasionally is one massive enough to survive the dismtegratmg effect 
of this air-resistance, and it then strikes the earth m the form of a 
stone, known as a meteonte These are sometimes of enormous size 
The fall of a meteonte m Sibena m 1908 set up blasts of air which 
devastated the forests over an enormous area, while the shock of its 
impact on the sohd earth caused waves which were recorded thou- 
sands of miles away And a vast crater-shaped depression in Arizona, 
three miles m circumference, is bcheved to have been caused by the 
fall of a still larger meteonte m prehistonc times Yet such giants 
are rare, and the average meteor is a puny affair, generally no larger 
than a cherry or a pea 

Shapley has estimated that many thousands of nulhons of shooting- 
stars enter the earth’s atmosphere every day, each of these is turned 
mto dust and vapour, and the earth’s weight is correspondmgly 
mereased An mcomparably greater number must fall mto the sun, 
measured by milhons of milhons per second, and these probably 
provide by far the largest contnbution to the sun’s bag of stray 
matter Yet Shapley estimates that the total weight of metconc matter 
falhng mto the sun can hardly exceed 2,000 tons a second, wbch is 
less than a 2,000th part of the weight it loses by radiation Thus it , 
seems fairly certam that on the balance the sun must be losmg weight 
at a rate of very near 250 milhon tons a nunute, it is a wastmg struc- 
ture, gradually disappearmg before our eyes, it is melung away like 
an iceberg m the Gulf Stream And the same must be true of other 
stars 


This conclusion accords well with the general broad facts of astro- 
nomy Although there is no absolute proof, a large accumulation of 
evidence goes to show that young stars are heavier than old stars 
They are not heavier merely by a few milhon tons, but several tunes 
heavier — often 10, 50 or even 100 tunes heavier By far the simplest 
explanation is that the stars lose the greater part of their weight m 
the coune of their hves Now a simple calculation shows that the 
sun, losing weight at a rate of about 250 milhon tons a mmute, would 
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require millions of millions of years to lose the greater part, or even 
a considerable part, of its weight. And, as other stars tell mucli the 
same story, we are led to assign lives of milhons of inilhons of years 
to the stars m general 

We have other means of estiinatmg the length of stellar hves. In 
particular, the motion of the stars m space proclaims their extreme 
anaqmty, and again assigns to them hves of mulmns of milhons of 
years We have seen how far removed from onc\nother m space 
the stars are — so far tliat it is very rare for two st^^ to approach 
each other at all closely Yet if the stars have hved these tremendously 
long hves of milhons of rmlhons of years, each star ought to have 
expencnccd a number of fairly close approaches The gravitational 
pulls which the stars would exert on one another on these occasions 
would not generally be mtense enough to tear out planets, but would 
sufhee to deflect the stars from their courses and change the specoij 
of their motions In the case of bmary systems, which consist of twd^ 
separate masses moving through space m double harness like a smgle i 
star, the gravitational pull of a near star would re-arrange the orbits 
of the two constituents of the bmary star. 

Now all these effects can be calculated m detail, so that we know 
exaedy what to expect if the stars have really hved the terrifically 
long hves of milhons of milhons of years we are provisionally ailot- 
tmg to them And cverythmg we look for we find. All the antiapated 
effects are there, and, so far as we can tell, their magmtudes indicate 
that the stars have hved for milhons of milhons of years 

Against all this, there is evidence of another kmd, which seems to 
pomt to a very different conclusion, and so must be discussed m some 
detail even though it is highly techmeal, and takes us mto the most 
difficult part of the difficult theory of relativity 

As We shall see m the next chapter, this tlieory tells us that space / 
Itself IS curved, much m the same way m which the surface of the/ 
^rth is curved The curvature of space is responsible for the curvmg 
of rays of hght which is observed at a solar echpse, and for dfc 
curvature m the paths of planets and comets, which we used to atm- 
outc to a “force” of gravitation. On this theory, the presenc^ of 
matter does not produce “force,” which is an dlusion, but a curVmg 
, of space To confiront our difficulties smgly, let us for the moment 
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orbits like those of the planets Occasionally they dash into the earth's 
atmosphere, when the air-resistancc of their earthward fall raises 
them to incandescence, and they appear as shootmg-stars Generally 
these dissolve mto vapour before rcachmg the earth’s surface, only 
occasionally is one massive enough to survive the dismtegrating ciFect 
of this air-resistance, and it then strikes the earth in the form of a 
stone, known as a meteonte These are sometimes of enormous size 
The fail of a meteorite m Sibcna m 1908 set up blasts of air wbch 
devastated the forests over an enormous area, while the shock of its 
impact on the sohd earth caused waves which were recorded thou- 
sands of miles away And a vast crater-shaped depression m Arizona, 
three miles m drcumfcrencc, is beheved to have been caused by the 
fall of a still larger meteonte m prchistonc times Yet such giants 
are rare, and the average meteor is a puny afiair, generally no larger 
than a cherry or a pea, 

Shapley has estimated that many thousands of milhons of shooting- 
stars enter the earth’s atmosphere every day, each of these is turned 
mto dust and vapour, and the earth’s weight is correspondingly 
mcreased An mcomparably greater number must fall mto the sun, 
measured by milhons of milhons per second, and these probably 
provide by far the largest contnbution to the sun’s bag of stray 
matter Yet Shapley estimates that the total weight of metconc matter 
falling into the sun can hardly exceed 2,000 tons a second, which is 
less than a 2,000th part of the weight it loses by radiation Thus it , 
seems fairly certam that on the balance the sun must be losmg weight 
at a rate of very near 250 milhon tons a mmute, it is a wasting struc- 
ture, gradually disappearing before our eyes, it is melting away like 
an iceberg m the Gulf Stream And the same must be true of other 
stars 


This conclusion accords well with the general broad facts of astro- 
nomy Although there is no absolute proof, a large accumulation of 
evidence goes to show that young stars are heavier than old stars 
They are not heavier merely by a few milhon tons, but several times 
heavier — often 10, 50 or even 100 times heavier By far the simplest 
explariation is that the stars lose the greater part of their weight m 
the course of their hves Now a simple calculation shows that the 
sun, losing weight at a rate of about 250 million tons a mmute, would 
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require millions of millions of years to lose the greater part, or even 
a considcrahlc part, of its 'weight And, as other stars tell much the 
same stor)% "we are led to assign lives of milhons of milhons of years 
to the stars in general 

We have other means of estimatmg die Icngdi of stellar lives In 
parn'cnlar, the motion of the stars m space proclaims their extreme 
antiquity, and agam assigns to them hves of millions of milhons of 
years We have seen how far removed from onc\nodicr in space 
the stars are— so far that it is very rare for two stats to approacli 
each other at all closely Yet if the stars have lived these tivmendously 
long h\es of milhons of milhons of years, each star ought to have 
expencnccd a number of fairly close approaches The gravitanpnal 
pulls which the stars w'ould exert on one anodicr on dicsc occaXoiu 
n ould not generally be intense enough to tear out planets, but would 
si^ce to deflect the stars from their courses and cliangc die spcc^ 
of their motions In the case of bmary systems, whicii consist of t\V(! 
separate masses moving through space in double harness like a singh 
s^, the grawtadonal pull of a near star would re-arrange the orbit 
ot the two consntuents of the bmary star 

Now aU those ctreos cm he calculated m deuul, so dm we Itnov 
medy what to etepea if the stats have really lived the ternncall 
'ih of milhons ofjeats we arc ptonsionally allot 
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end If our universe is built on these hues at all, the question before 
us IS not at which end of the chain it is, but how far ^ong the chain 
It has travelled 

The two ideal universes at the two ends of the chain are similar m 
that the objects m them must be either all rushmg away from one 
another or else all rushmg towards one another This is not only true 
at the two extreme ends of the chain, but all along the rham If the 
umvcrse is built m accordance with the theory of relativity, as it 
almost certainly is, then the objects m it must be runmng all away 
from one another or all towards one another 

These conclusions are of great mtcrest, because it has for some 
years been remarked that the remote spiral nebulae are, to aU appear- 
ances, rushmg away from the earth, and so presumably also from 
one another, at terrific speeds, which become greater and greater the 
farther we recede mto space The last nebula mvestigated at Mount 
Wilson — one of the most distant which can be observed m the great 
100-mch telescope — was found to be rcccdmg at the terrific speed of 
15,000 miles a second Dr Hubble and Dr Humason, who have 
made a speaal study of the question at Mount Wilson, find that the 
speeds at which the mdividual ncbultc are recedmg from us arc, 
roughly speakmg, proportional to their distances from us, as they 
ought to be, if the cosmology of the theory of relativity is correct 
A nebula whose hght takes ten milhon years to reach us, has a speed 
of about 900 miles a second, and the speeds of other nebulae are, 
approximately at least, proportional to their distances For instance, 
the hght from the nebulae shown m Plate I takes 50 milhon years to 
reach us, and the nebulae show speeds of recession of about 4,500 
miles a second 

The actual figures are important, because if we trace the imphcd 
nebular motions backwards, we find that all the nebulae must have 
been congregated m the neighbourhood of the sun only a few 
thousands of milhons of years ago All this goes to suggest that we 
are hving m an expanding umverse, which started to expand only 
a few thousands of milhons of years ago 

If this were the whole story, it would be very difficult to ashgn 
ages of milhons of milhons of years to the stars, this would imply 
that they had been packed dose together, or had been converging 
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into a small region of space, for millions of millions of years, and 
only just recently, during the last thousandth part or so of their 
existence, had begun to scatter If the supposed motions of recession 
ultunately prove to be real, it will hardly be possible to attnbute an 
age of more than a few thousands of milhons of years to the umverse 

But there is room for a good deal of doubt as to whether these 
huge speeds are real or not They have not been obtained by any 
dnect process of measurement, but are deduced by an appheanon of 
what IS known as Doppler’s pnnaple It is a matter of common 
observation that the noise ermtted by a motor car horn sounds deeper 
m pitch when it is recedmg from us than when it is coming towards 
us On the same pnnaple the hght ermtted by a recedmg body 
appears redder m colour than that ermtted by a body approachmg 
us, colour in hght correspondmg to pitch m sound By accurately 
measunng the colour of well-defined spectral hnes, the astronomer 
is able to discover whether the body cmittmg them is approachmg 
us or recedmg firom us, and can estimate the speed of the motion 
And the only reason for thinking that the distant nebul® are recedmg 
from us IS that the hght we receive from them appears redder than 
It ought normally to be 

Yet other thmgs than speed are capable of reddenmg hght; for 
instance, sunhght is reddened by the mere weight of the sun, it is 
reddened still more by the pressure of the sun’s atmosphere, it is 
further reddened, although m a difierent way, m its passage through 
the earth’s atmosphere, as we see at sunrise or sunset. The hght emit- 
ted by certam stars of a difierent land is reddened m a mystenous 
way we do not yet understand Furthermore, on de Sitter’s theory 
of the umverse, istance alone produces a reddenmg of hght, so that 
even if the distant nebulse were standmg soil m space, their hght 
would appear unduly red, and we should be tempted to infer that 
they were recedmg from us None of these causes seems capable of 
explairung the observed reddening of nebular light, but quite recendy 
Dr Zwicky, of the Cahforma Institute, has suggested that stdl another 
cause of reddenmg may be found m the gravitational pull of stars 
stid nebulae on hght passmg near them — the same pull as causes the 
observed bendmg of starhght at an echpse of the sun. Compton’s 
cis-penments (p 25) show that radiation is both deflected and red- 
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dened when it encounters electrons m space When radiation interacts 
gravitationally with stars or other matter m space, it is known to be 
deflected, and Zwicky’s suggestion is that it is reddened as well 

To test this suggestion, ten Bruggencate has exammed the hght 
fiiom a number of globular clusters, all at about equal distances firom 
us, but so selected that the amount of mtervcnmg gravitational matter 
vaned greatly The hght from these showed a reddenmg, and if this 
were caused by the expansion of space, it ought to have been the 
same for all the clusters Actually it proved to be far from uniform, 
It was much more nearly proportional to the amount of mtervening 
matter, exaedy as required by Zwicky’s theory, and its actual amount 
agreed well enough with that predicted by the theoretical formula 
As we can hardly imagme that the globular clusters, which belong to 
our own galactic system of stars, can be systematically running away 
from us, the case for supposing that the spiral nebulae are running 
away becomes very much weaker, Zwicky’s theory providing a 
possible explanation of the observed reddenmg of the hght. 

Other hnes of evidence also suggest that the suspected recessions 
of the nebulae may be spunous For instance, the hght from the 
nearest nebula: is not redder but bluer than normal, and as hght can 
only be made bluer by an actual physical approach, this can only 
mean that the nearest nebul® arc actually commg towards us More- 
over, the apparent speeds of the nebulae are by no means stnctly 
proportional to their distances, for instance, nebul® beheved to be 
at the same distance of seven milhon hght years show devianons 
averaging 240 miles a second out of total speeds of 640 miles a 
second 

Nevertheless, if the umverse is built m the way we have described, 
the nebulae as a whole must undoubtedly be r unnin g away from us, 
theoretical considerations de man d this and cannot be satisfied with 
anythmg less, but they do not tell us the speeds of the nebular 
motions The work of Zwicky and ten Bruggencate m no way 
dirows doubt on there bemg a real motion of recession, what it lays 
opbn to doubt is whether this motion is the same as astronomers have 
deduced from the reddening of the spectral hnes Possibly most of 
this reddenmg may be attributed to the effect suggested by Zwicky, 
or to some similar cause, while only a small residual represents a real 
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motion of recession It is impossible to determine the speed of this 
motion because the smaller effect is entirely masked by the greater. 

The question is still an open one, but if once it is accepted that the 
greater part of the apparent veloaties of recession may be treated as 
spurious, die argument in favour ofshorthves for the stars disappears, 
and we become free to assign to them the long hves of tmUions of 
milhons of years which the general evidence of astronomy seems to 
demand. 

As we have already seen, this general evidence suggests that the 
sun has been pourmg away mass m the form of radiation at a rate 
of 250 milhon tons a minute for a penod of some milhons of nulhons 
of years. Detailed calculation show's that the new-born sun must have 
had many times the mass of the present sun, in conformity with the 
general fret of observation that young stars are man y times more 
massive than old stars In what form could it store all the mass which 
has smee disappeared m the form of radiation'^ 

The rest-mass of an electron or other charged particle is generally 
enormously greater than its energy-mass, the latter assutmng its 
greatest importance at high temperatures. Now the temperature at 
the centre of the sun is about 50 milli on degrees, and even here the 
rest-mass accounts for all but about one part in 200,000 of the total 
mass It IS improbable that the new-born sun can have been much 
hotter than this, so that it seems likely that the greater part of the 
mass of the primeval sun also must have resided m its rest-mass If 
so, there is only one conclusion possible* the primeval sun must have 
contamed many more electrons and protons, and therefore many 
more atoms, than now. These atoms can only have disappeared m 
one way. they must have been annihilated, and their mass must be 
represented by fhe mass of the radiation which the sun has emitted 
m Its long hfe of millions of rrulhons of years 
This argument may be thought somewhat precarious, because it 
deals With concepts so frr out of the range of laboratory physics. 
Fortunately laboratory physics has qmte recently obtamed evidence, 
■which, although far from being absolutely conclusive, provides valu- 
able confirmation that this annihilation of matter is actually taking 
place on a vast scale out m the depths of space. 

We could hardly expect to obtam direct evidence of the annilula- 



THE MYSTERIOUS UNIVERSE 


46 

tion of matter going on m stellar mtenors, because the radiation 
produced m the process could only travel a very short distance before 
being absorbed by the substance of the star This would be heated 
up, and the corresponding energy would ultimately be emitted by 
the star m the form of qmte ordinary hght and heat. 

A mathematical analysis of the fects of astronomy suggests that 
the process of atomic annihilation would probably be spontaneous 
m the same way m which radio-active dismtegration is spontaneous 
If so, It would not be lirmted to the hot mtenors of stars, but ought 
to be m progress wherever astronormcal matter exists m suffiacnt 
abundance 

In Its simplest form the process would consist of the simultaneous 
annihilation of a smgle electron and a smgle proton. We can picture 
It vividly if we thmk of these two charged particles rushmg together 
under their mutual attraction with ever-mcreasmg speed, until finally 
they coalesce, their electnc charges then neutralize one another, and 
their combmed energy is set free m a smgle flash of radiation — a 
“photon” of the kmd discussed on page 24 

We have already seen (p 36) how mass is “conserved” when an 
atom eimts radiation The atom parts with a certam amount of its 
mass, but this is not destroyed, it is earned away by the photon, and 
figures as the mass of the photon If a proton and electron annihil ate 
one another, the resulting photon must have a mass equal to the 
combmed masses of the proton and electron which have disappeared 
Now the combmed mass of a proton and electron is known with 
great accuracy, for it is exaedy equal to the mass of the hydrogen 
atom Thus if the annihilation of matter really occurs, photons of 
mass exaedy equal to that of the hydrogen atom ought to be travers- 
mg space m great numbers, and some of these ought to fall on the 
earth 

There may be even more massive photons than this, for we can 
imagme any kmd of atom bemg suddenly annihilated, and settmg 
loose Its whole energy as a photon, whose mass would then be equal 
to that of the whole atom One possibihty is of special mteresL 
Although we beheve that all matter is m the last resort biult up of 
protons and electrons, there is a pecuharly compact structure of four 
protons and two electrons which may almost be considered as a new 
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and independent unit. It is conspicuous m the radiation emitted by 
radio-active substances, and is commonly known as an a-particle 
The hehum atom, which is the next simplest atom after hydrogen, 
consists ofana-particlewith two electrons revolvmgm orbital motion 
about It. As an a-parnde has the same electnc charge as two protons. 
It might undergo annihilation by coalescmg with two electrons, m 
which event the resultmg photon would have the same mass as a 
hehum atom. 

Photons of either of these two lands would have an mcomparably 
greater mass than the photons of any ordmary kmd of radiation, and 
so ought to be immediately recogmzable Photons may be regarded 
as bullets, all travelling with a uniform speed — the speed of hght If 
a number of bullets are discharged from a gun with equal speeds, 
the more massive projectiles will have the greater capaaty for domg 
damage, and so will have the greater penetratmg power. It is the 
same with a mixed crowd of photons, the more massive photons 
have the greater penetratmg power. There is a mathemaocal formula 
which enables us to deduce the penetratmg power of a photon firom 
Its mass, and it shows that photons having the mass of atoms of either 
hydrogen or hehum ought to have terrific powers of penetration 

We have already spoken of the highly penetratmg radiation, 
commonly called “cosmic radiation,” which falls on the earth from 
outer space, and is able to penetrate several yards of lead For a long 
time It was not altogether dear whether this was a true radiation, or 
consisted of streams of electrons The former alternative always 
seemed by far the more probable, because electrons would have to 
move with almost imthinkably high energy to force their way 
through many yards of lead before bemg brought to rest. 

The matter now appears to be settled A shower of electrons, 
falhng on to the earth firom outer space, would become entangled 
m the earth s magnetic field, and this would influence its motion If 
the electrons were movmg fast enough to have the observed pene- 
trating power of cosmic radiation, calculation shows that almost the 
whole stream would be deflected firom its course, and strike the earth 
near to one or other of its magnetic poles No such preference is 
shown by the cosmic rays, different observers, workmg at different 
parts of the earth’s surface, find that the radiation has the same 
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intensity everywhere For instance, the Bntish Austrahan and New 
Zealand Antarctic Expedition found the same mtensity withm 250 
miles of the south magnetic pc^e as other observers had found in 
regions remote from the poles This makes it reasonably ccrtam that 
the “cosmic radiation” is true radiation, and not merely a shower of 
electrons This bemg so, we can deduce the mass of the photons of 
the radiation from their observed penetratmg power by the use of 
the formula already mentioned 

The penetratmg power of this radiation has been studied with 
extreme care and skill by Professor l^diUikan and his colleagues at 
Pasadena, by Professor Regener of Stuttgart, and by many others 
They all find that the radiation is a mixture of a number of constitu- 
ents of very different penetrating powers, or, what is the same thing, 
a mixture of photons of different masses Now it seems highly signi- 
ficant that the two mgredients of highest penetrating power consist 
of photons whose masses are, as nearly as we can tell, equal to the 
masses of the hehum atom and the hydrogen atom respectively, m 
other words they are just the type of photons we should expect to 
find if, somewhere out m the far depths of space, protons and 
tt-paracles were bemg annihilated, the former m conjunction with 
the smgle electrons needed to neutralize then charges, and the latter 
m conjunction with the pairs of electrons needed for the same pur- 
pose 

It must be explamed that the masses of the photons cannot be 
measured with absolute precision, so that it cannot be claimed with 
certamty that they are absolutely and precisely those to be expected 
from the annihilation m question Yet the agreement is about as good 
as observation permits, m each case there is agreement to withm 
about 5 per cent, and the penetratmg power of the radiation can 
hardly be measured more closely than this Such an agreement is too 
good to be dismissed as a mere comadcnce, so that it seems highly 
probable that this radiation has its ongm m the actual annihilati on 
of protons and electrons. 

Nevertheless, the matter is not yet beyond controversy, and the 
view I have just stated is not universally accepted by physicists 
Professor Millikan, m particular, has suggested that cosnuc radiation 
may ongmatc m the process of buildmg up heavy atoms out of 
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simpler light atoms, and so interprets it as evidence that “ the creator 
IS soil on the job.” To take the simplest illustration, a hehum atom 
contains exa^y the same ingredients as four hydrogen atoms — 
namely, four electrons and four protons— but its mass is only equal 
to that of 3-97 hydrogen atoms. Thus if four hydrogen atoms could 
somehow be hammered together to form a hehum atom, the super- 
fluous mass, that of 0*03 hydrogen atoms, would take the form of 
radiaaon, and a photon wi^ 3 per cent of the mass of the hydrogen 
atom might be discharged We cannot say it would be discharged, 
because if ever four hydrogen atoms fall together to form a hehum 
atom. It seems likely that the process would occur in several stages, 
and so would result m the emission of a number of small photons 
rather than of one big one Yet even if the whole of the hberated 
energy were to form one big photon, this would have less penetrat- 
ing power than the actual cosmic radiation If however, 129 atoms 
of hydrogen were to fall together and form a smgle atom of xenon 
by one huge cataclysmic disturbance, the smgle photon emitted in 
the process would have about the same mass as the hydrogen atom, 
and so would have something like the same penetrating power as 
the second most penetratmg constituent of actual cosmic radiation. 
On this view of the ongm of the radiation, the less penetratmg 
constituents can be very readily and naturally explamed as ongmat- 
mg out of the synthesis of atoms less complex than xenon On the 
other hand, the most penetratmg constituent of all seems to present 
a qmte insuperable difficulty. If its photons ongmate out of the 
hammenng together of hydrogen atoms to form a single huge atom, 
this atom must needs have an atomic weight in the neighbourhood 
of 500, which seems beyond the bounds of probabihty. It seems 
almost equally improbable that the second most penetratmg con- 
stituent should be produced hy the synthesis of atoms of xenon or 
other element of similar atotme weight, smee all such atoms are of 
extreme ranty Whatever the ongm of the less penetrating con- 
stituents, the two most penetratmg constituents can hardly, I think, 
be attributed with much plausibihty to any other source than 
annihilation of matter. 

The amount of this radiation which falls on the earth is tremen- 
dous Milhkan and Cameron have estimated it at about a tenth of 
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the tota] radiation received from all the stars m the sky, the sun of 
course excepted Out m the depths of space, beyond the Milky Way, 
the highly penetratmg radiation must stiU be about as plentiful as it 
IS at the earth’s surface, but starhght is far less plentiful, so that, on 
takmg an average through space as a whole, this highly penetrating 
radiation is probably the commonest kind of radiation 
Its vast amount is cxplamed m part by its high penetrating power, 
which almost endows it with immortahty An average beam of the 
radiation travelling through space for miUions of milhons of years 
will not encounter matter to absorb it to any appreaable extent. 
Thus we must think of space as bemg drenched with almost all the 
cosmic radiation which has ever been generated smee the world 
began Its rays come to us as messengers not only from the farthest 
depths of space, but also from the frrthest depths of time And, if we 
read it anght, their message seems to be that somewhere, sometime, 
m the history of the universe, matter has been annihilated, and this 
not in tiny, but in stupendous amounts 
If we accept the astronomical evidence of the ages of the stars and 
the physical evidence of the highly penetrating radiation as jointly 
estabhshmg that matter can really be annihilated, or rather trans- 
formed mto radiation, then this transformation becomes one of the 
fundamental processes of the umvenc The conservation of matter 
disappears entirely from saence, while the conservation of mass and 
of energy become identical Thus the three major conservation laws, 
those of the conservation of matter, mass and energy, reduce to one 
One simple fundamental entity which may take many forms, mat- 
ter and radiation m particular, is conserved through all changes, the 
sum total of this entity forms the whole activity of the universe, 
which docs not change its total quantity But it continually changes 
Its quahty, and this change of quahty appears to be the mam opera- 
tion gomg on m the umverse which forms our matenal home The 
whole of the available evidence seems to me to mdicate that the 
change is, with possible insignificant exceptions, for ever m the same 
direction — for ever sohd matter melts mto insubstantial radiation 
for ever the tangible changes mto the mtangiblc 
These concepts have been discussed at some length because they 
obviously have a very speaal bearing on the fundamental structure 
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of the universe In the last chapter we saw how the wave-mechanics 
reduced the whole umverse to systems of waves Electrons and pro- 
tons consisted of waves of one kmd, radiation of waves of a different 
land The discussion of the present chapter has suggested that matter 
and radiation may not constitute two distinct and non-mterchange- 
able, forms of waves The two may be interchangeable, one 
passing mto the other as the chrysalis passes mto the butterfly — to 
which, as we shall see below (p 101), some saentists might think 
It necessary to add “and as we can imagine the butterfly to pass back 
mto the chrysahs “ 

This does not of course mean that matter and radiation are the 
same thmg. The transformation of matter into radiation still means 
something, although the concept now looks mcomparably less revo- 
lutionary than It looked when first I advanced it twenty-six years 
ago. Even if we knew all the facts with certamty, which we do not. 
It would be difficult to express the situation accurately m non-techm- 
cal language, but possibly we may come fairly near to the truth if we 
think of matter and radiation as two hrnds of waves — a kmd which 
goes round and round m circles, and a kmd which travels m straight 
hnes The latter waves of course travel with the veloaty of hght, 
but those which constitute matter travel more slowly It has even 
been suggested, by Mosharrafa and others, that this may express the 
whole difference between matter and radiation, matter bemg nothmg 
but a sort of congealed radiation travelhng at less than its normal 
speed. We have already seen (p 28) how the wave length of a mov- 
mg particle depends on its speed The dependence is such that a par- 
ticle travelhng with the speed of hght would have precisely the same 
wave length as a photon of equal mass This remarkable fact, as well 
as others, goes a long way towards suggesting that radiation may 
ultimately prove to be merely matter movmg with the speed ofhght, 
and matter to be radiation moving -with a speed less thgp that of 
hght. But saence is a long way fiom this as yet 
To sum up the mam results of this and the precedmg chapter, the 
tendency of modem physics is to resolve the whole material umverse 
mto waves, and nothmg but waves These waves are of two lands, 
botded-up waves, which we call matter, and unbotded waves, which 
we call radiation or hght. The process of annihilation of matter is 
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merely that of unbotthng imprisoned -wave-energy and settmg it free 
to travel through space These concepts reduce the whole umversc 
to a world of radiation, potential or existent, and it no longer seems 
surpnsmg that the fundamental particles of which matter is built 
should exhibit many of the properties of waves 



CHAPTER POUR 


RELATIVITY AND THE ETHER 

W E HAVE SEEN how modem physics reduces the umverse to 
systems of waves If we find it hard to imagme waves unless 
they travel through something concrete, let us say waves in an ether 
or ethers I heheve it was the late Lord Salisbury who defined the 
ether as the nominative of the verb “to undulate ” If this defimtion 
will serve for the moment, we can have our ether without commit- 
ting ourselves very far as to its nature And this makes it possible to 
sum up the tendency of modem physics very concisely, modem 
physics is pushmg the whole umverse mto one or more ethers It wdl 
be well, then, to scrutinize the physical properties of these ethers 
with some care, smce m them the true nature of the umverse must 
be hidden. 

It may be well to state our conclusion m advance. It is, in brief, 
that the ethers and their undulations, the waves which form the um- 
verse, are m all probabihty fictitious This is not to say that they have 
no existence at all. they exist m our rmnds, or we should not be dis- 
cussmg them; and something must exist outside our mmds to put 
this or any other concept mto our minds To this somethmg we may 
temporarily assign the name “reahty,” and it is this reahty which it 
is the object of saence to study. But we shall find that this reahty is 
something very different firom what the saentist of fifty years ago 
meant by ether, undulations and waves, so much so that, judged by 
his standards and speakmg his language for a moment, the ethers and 
their waves are not reahties at all And yet they are the most real 
thmgs of which we have any knowledge or experience, and so are 
as real as anythmg possibly can be for us 
The concept of an ether entered science some two centuries ago or 
more. When the known properties of gross matter failed to explain 
a phenomenon, saentists met the difficulty by creatmg a hypotheti- 
cal all-pervadmg ether, to which they attributed exactly the proper- 
ties necessary to provide an explanation There was of course a speaal 
temptation to resort to this procedure m problems which appeared 
to call for action-at-a-distance ” It is, on the face of it, such good 
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sound sense to assert that matter can only act where it is, and cannot 
possibly act where it is not, that he who argues to the contrary can 
hardly hope to carry the majority of his fellows with him Descartes 
had gone so far as to argue that the bare existence of bodies separated 
by distance was a sufiiaent proof of the existence of a medium 
between them 

Thus when no gross material was present to transmit a mechamcal 
action, such as that exerted by a magnet on a steel bar, or by the 
earth on a falhng apple, the temptation to mvoke an aU-pervading 
ether became weU-mgh irresistible, and what may be called the ether- 
habit mvaded saence So that, as Maxwell expressed it “Ethers were 
mvented for the planets to swim in, to constitute electnc atmospheres 
and magnetic effluvia, to convey sensations from one part of our 
body to another, till all space was filled several times over with ether ” 
In the end there were almost as many ethers as unsolved problems m 
physics 

Fifty years ago only one of these ethers survived m senous saen- 
tific thought — the luminiferous ether, which was supposed to trans- 
mit radiation The properties it needed to fulfil this function had 
been defined with ever-mcrcasmg precision by Huyghens, Thomas 
Young, Faraday and Maxwell It was thought of as ajcUy-hke sea 
through which waves could travel, just as vibrations or undulations 
travel through a jelly These waves were radiation which, as we now 
know, can take any one of the many forms of hght, heat, infi^-red 
or ultra-violet radiation, electromagnetic waves. X-rays, y-rays and 
cosmic radiation 

The astronomical phenomenon of the “aberration of hght,” as 
well as a number of others, show that, if such an ether exists, the 
earth and all other movmg bodies must pass through it ■without dis- 
turbmg It. Or, if we take our position on the earth and study the 
phenomena from that standpomt, the ether must pass through the 
mterstices of the earth and other sohd bodies -without hmdrance — 
“hke the -wmd through a grove of trees,” to borrow the famous but 
madequate simile of Thomas Young It is inadequate because -wmd 
does m actual fact affect trees, the motions of their leaves, twigs and 
branches give some mdication of its strength But it can be shown 
that motion through the ether cannot m the least degree disturb sohd 
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bodies which are at rest on the eartli, or affea their motions if they 
are moving, we need not add ether-rcsistance to air-resistance m dis- 
cussing what prevents our motor car makmg better speed 

Thus, if an ether exists, it is all the same whether the ethcr-wmd is 
blowing past us at one mile an hour or a thousand miles an hour. 
This IS in accordance with a dynamical pnnaple which Newton had 
enunaated m his Prmcipia : — 

COROLLARY V The motions of bodies mcluded m a given space are the 
same among themselves, whether that space is at rest, or moves uniformly 
forwards m a nght hne without any circular motion. 

Newton continues : — 

A clear proof of which we have from the experiment of a ship, where all 
motions happen after the same manner whether the ship is at rest, or is earned 
umfomily forward m a nght hne 

This general pnnaple shows that no experiment performed on 
board ship and confined to the ship alone can ever reveal the ship’s 
veloaty through a stdl sea Indeed it is a matter of common observa- 
tion that in calm weather we cannot even tell m which direction a 
ship IS movmg without lookmg at the sea. 

If the ether-wmd had aflFeaed terrestnal bodies, the disturbance it 
aeated would have given an mdication of the speed with which it 
was blowing, just as the motions of the twigs of trees give an mdica- 
tion of ordinary wmd-veloaty. As thmgs are, it is necessary to resort 
to other methods 

Although an ocean traveller cannot determme the speed of his ship 
by any observanon which is confined to the ship, he can easily do so 
if he is fiee to observe the sea as well. If he drops a hne and sounding- 
lead mto the sea, a circular npple will spread out, but every sailor 
knows that the pomt at which the hne enters the water not 
remam at the centre of this circle The centre of the circle stays fixed 
m the water, but the pomt of entry of the hne is dragged forward by 
the motion of the ship, so that the rate at which the pomt of entry 
advances firotn the centre of the arcle will disclose the speed of the 
ship through the sea 

If the earth is ploughmg its way through a sea of ether, an expen- 
ment concaved on sunilar hnes ought to reveal the speed of its pro- 
gress The famous Michelson-Morley experiment was designed to 
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precisely this end Our earth was the ship, and the physical labora- 
tory of the University of Cleveland (Ohio) was the point of entry of 
the lead into the sea The dropping of the lead was represented by 
the emission of a hght-signal, and it was supposed that the hght- 
waves which constituted this signal would mate npples on the sea of 
ether 



Fig 1 Diagram to lUuitrate the Micbelson-Morky experiment 
Light from a source A is projected on to a half-siIvered mirror O, so that half 
IS reflected along OB and the rest continues along OC, of length equal to OB, 
actually about 12 yards Mirrors at B and C reflect the hght back to O, and 
half of each beam then passes mto a small telescope D The amount by which 
one lags behind the other is compared with the lag when the whole apparatus 
has been turned through 90° This procedure eliminates any error caused by 
OB and OC bemg shghdy different m length 
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The progress of the npples could not be followed direcdy, but 
suffiaent mfonnation could be obtained by arranging for mirrors to 
redert the signal back to the startmg-pomt This made it possible to 
detemnne in effect the time which the hght took to perform the 
doublejoumey to and fro. If the earth were standmg stiU in the ether, 
the time of a double journey of given length would of course always 
be the same, regardless of its direction m space. But if the earth were 
moving through a sea of ether m an easterly direction, it is easy to 
see that a double journey, first fiom east to west and then firom west 
to east, ought to take shghdy more time than one of equal length m 
north-soudi and south-north directions No more recondite prma- 
ple IS involved than m the common expenence that it takes longer 
to row a boat 100 yards up-stream and 100 yards down-stream than 
to row 200 yards across the stream, m the former case we go slowly 
up-stream, and come qmckly domi-stream, but the gam of time m 
rowmg down with the current is not suffiaent to make good the 
time previously lost m rowing up against the current If two oars- 
men of equal speed set out simultaneously to row the two courses, 
the cross-stream rower will arrive first, and the difference between 
then times of arrival will disclose the speed of the current. It was 
antiapated that, m precisely the same way, the difference m the times 
taken by the two beams of hght m the Michelson-Morley expen- 
ment would disclose the speed of the earth’s motion through the 
ether 

The experiment was performed many times, but no tune-differ- 
ence at all could be detected. Thus, on the hypothesis that our earth 
was surrounded by a sea of ether, the experiments seemed to show 
that Its speed of motion through this sea of ether was zero. To all 
appearances, the earth stood permanendy at rest m the ether, while 
the sun and the whole of creation ended round it; the experiments 
seemed to brmg back the geocentnc umverse of pre-Copermcan 
days Yet it was impossible diat this should be then true interpreta- 
tion, for the earth was known to be movmg round the sun at a speed 
of nearly twenty miles a second, and the experiments were sensitive 
enough to detect a speed of one-hundredth part of this 
Fitzgerald m 1893 and Lorentz independendy m 1895 suggested 
an alternative mterpretation The experimenters had m effect tried to 
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make two rays of light travel simultaneously to and firo ovei 
courses of equal length Without losmg anythmg of the essec 
the experiment, we may imagme that the lengths of the two cc 
had been measured or compared by ordinary measuring rods — 
rules, if we like How was it known, Fitzgerald and Lorentz a 
that these rods, or the course laid out by them, retained their 
length while they were moving forward through a sea of e 
When a ship moves through the ocean, the pressure of the sea ( 
bows causes it to contract its length, it is, so to speak, squeezed 
htde bit — a minute fraction of an mch — ^between the sea tryu 
hold Its bows back and its screw trymg to push its stem forwai 
the same way a motor car moving through the air contracts a 
squeezed between the backward pressure of the wmd on its v 
screen, and the forward drive of its rear wheels If the apparatus 
by Michelson and Morlcy contracted m the same way, the up- 
down stream course would always be shorter than the cross-sO 
course This reduction of length would do somethmg to compel 
for the other disadvantages of the up-and-down stream cours 
contraction of exactly the right amount would compensate for t 
completely, so that this and the cross-stream course would rec 
precisely equal tunes In this way, Fitzgerald and Lorentz suggc 
It might be possible to accoimt for the mil result of the expemi 

The idea was not wholly fenaful or hypothetical, for Lot 
showed very shortly afterwards that the electro-dynamical th* 
then current demanded that just such a contraction should acti 
occur Although the contraction was not altogether analogoi 
those of ships or motor cars, these give a good enough idea ol 
mechanism mvolved Actually Lorentz showed that if matter i 
a purely electncal stmcture, consistmg solely of elcctncally chai 
particles, motion through the ether would cause the particles tc 
adjust then positions, and they would not come to relative rest a 
until the body had contracted by a certam calculable amount 
this amount proved to be precisely that needed to account for 
ml result of the Michelson-Morley experiment. 

This not only explained, fully and completely, why the Mic 
son-Morley experiment had failed, but it further showed that ei 
matcnal measunng rod would necessarily contract just sufSaend 



RELATIVITY AND THE ETHER 59 

conceal the earth’s motion through the ether, so that all similar ex- 
periments were doomed to failure in advance But other types of 
measuring rods are known to saence; beams of hght, electric forces, 
and so on, can be made to span the distances from pomt to pomt, 
and so provide the means for measunng distances It was thought 
that where matenal measunng rods had failed, optical and electncal 
measuring rods might succeed The trial was made, repeatedly and 
m many forms — the names of the late Lord Rayleigh, of Brace and 
of Trouton are emment m this connexion. And every ame it faded 
If the earth had a speed x through the ether, every apparatus that the 
wit of man could devise confused the measurement of x by addmg a 
spunous speed exacdy equal to -x, and so reitcratmg the apparent 
zero answer of the ongmal Michelson-Morley experiment 

The upshot of many years’ arduous experimenting was that the 
forces of nature seemed without exception to be parties to a per- 
fectly organized conspiracy to conceal the earth’s motion through 
the ether This of course is the language of the layman, not of the 
man of saence. The latter prefers to say that the laws of nature make 
It impossible to detect the earth’s motion through the ether The 
phdosophical contents of the two statements are precisely identical. 
In the same way the unscientific mventor may exdaim m despair 
that the forces of nature are m a conspiracy to prevent his perpetual 
motion machme from working, wlnle the saentist knows that the 
obstacle is a far more senous bamer than a conspiracy, it is a natural 
law. And so, agam, the zealous but unenhghtened soaal reformer 
and the ignorant pohtiaan are alike apt to see conspiraaes of the 
deepest dye bchmd the operation of those econormc laws which 
make it impossible to extract a quart out of a pint pot. 

In 1905 Einstem propounded the supposed new law of nature m 
the form “Nature is such that it is impossible to determme absolute 
motion by any experiment whatever ” It was the first formulation 
of the pnnaple of relativity 

Oddly enough, it was a reversion to the thought and doctrine of 
Newton In his Prttiapta, Newton had wntten • — 

It IS possible that in the remote regions of the fixed stars or perhaps 6r 
beyond them, there may be some body absolutely at rest, but impossible to 
know, from the positions of bodies to one another in our regions, whether 
M s T — c* 
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any of these do not keep the same position to that remote body It follows 
that absolute rest cannot be determined from the position of bodies m our 
regions 

He had qualified this by adding • — 

I have no regard m this place to a medium, if any such there is, that freely 
pervades the interstices between the parts of bodies 

In Other words, Newton, had reahzed that without an all-pervadmg 
ether, it would be impossible to determine the absolute speed of 
motion through space, and had also seen that such a medium would 
provide an umnovuig standard by reference to which the motions 
of all bodies could be measured 

The two mtervening centunes had seen science busily engaged m 
discussmg the properties of this supposed medium, and now Emstem 
at one blow depnved it of its most important property of all, that of 
providing a standard of rest, by reference to which the true speed of 
any motion could be measured. 

Emstem s prmaple can be stated m another way, which makes its 
significance stand out more clearly Astronomy has so fer felled to 
discover Newton’s body absolutely at rest, “m the remote regions of 
the fixed stars, or perhaps fer beyond them,” so that rest and motion 
arc soli merely relative terms A ship which is becalmed is at rest only 
m a relative sense — relative to the earth, but the earth is m motion 
relative to the sun, and the ship with it. If the earth were stayed m its 
course round the sun, the ship would become at rest relative to the 
sun, but both would still be moving through the surrounding stars 
Check the sun’s motion through the stars and there sail remains the 
motion of the whole galacdc system of stars rclaavc to the remote 
nebulae And these remote nebulae move towards or away firom one 
another with speeds of hundreds of miles a second or more, by going 
farther mto space we not only find no standard of absolute rest, but 
encounter greater and greater speeds of motion Unless we have an 
all-pervadmg ether to gmde us, we cannot even say what we mean 
by absolute rest, stdl less can we find it. Einstein’s prmaple now tells 
us that, so fer as all the observable phenomena of nature are con- 
cerned, we are fi-ee to define “absolute rest” m any way wc please 

It IS a sensational message We have a perfect nght to say, if wc so 
choose, that this room is at rest, and nature will not say us nay If the 
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earth has a speed of 1,000 miles a second through the ether, then we 
must suppose that the ether is blowmg through this room “hke the 
wmd through a grove of trees,” at 1,000 miles a second. And the 
pnnaple of relativity assures us that all the phenomena of nature m 
thk room are absolutely unaffected by this 1,000 rtules-a-second 
wind, and would mdeed be just the same if the wind blew at 100,000 
miles a second — or mdeed if there were no wmd at alL 
It is not surpnsmg or even novel that all me chani cal phenomena, 
which have nothing to do with the supposed ether, should be the 
same; we have seen how this was known to Newton. But if an ether 
really exists, it seems amazing that the phenomena of optics and of 
electricity should be the same whether the ether which propagates 
them is standmg still or blowmg past and through us at thousands of 
miles a second. It quite mevitably raises the questions as to whether 
the ether, whose blowmg is supposed to cause the wmd, has any 
existence, or is a mete fiction of our imagination. For we must always 
remember that the existence of the ether is only an hypothesis, mtro- 
duced mto saence by physicists who, taking it for granted that every- 
thmg must adimt of a mechanical explanation, argued that there 
must be a mechamcal medium to transmit waves of hght, and all 
other electrical and magnetic phenomena 
To justify their behef, they had to show that a system of pushes, 
pulls and twists could be devised m the ether to transmit all the 
phenomena of nature through space and dehver them up at the far 
end exactly as they are observed — much as a system of beU-wires 
transmits mechamcal force from a beU-puU to a bell The requisite 
system of pushes, pulls and twists was found m tune, but proved to 
be exceedingly comphcated Perhaps this was not surprising; the 
ether had not only to transmit the observed effects, but to conceal its 
own existence while so doing It could hardly be a simple matter to 
arrange that one smgle mechanism should transmit precisely the 
same phenomena whether the experimenter sat at rest or dashed 
through the ether at 1 ,000 rrules a second while conducting his expen- 
ments And, m pomt of fact, the mechanism thus devised proved to 
be open to the fatal objection that it could only make the two sets of 
phenomena the same by postulating two distinct mec hanisms in these 
two cases 
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We can illustrate the objection by discussing a simple phenomenon 
m detail According to this scheme of ethereal transmission, chargmg 
a body with electnaty sets up a state of stram m the surroundmg 
ether, just hke forcing a foreign body mto a sea of jelly When two 
bodies both at rest m the ether are charged with s imilar electnaty, 
they repel one another, and their repulsion is supposed to be trans- 
rmtted through the pressures which this state of stram establishes m 
the ether 

Suppose, however, that the two charged bodies, instead of being 
at rest m the ether, are movmg through it with precisely the same 
speed of, say 1,000 miles a second from east to west As the bodies 
are stdl at rest relatively to one another, the pnnaple of relativity 
shows that the observable phenomena wih stdl be precisely the same 
as when they were both at absolute rest m the ether But a quite 
difierent mechanism produces the phenomena m this second case 
Part of the repulsion is stdl the result of a stramed state of the ether, 
but not all The remamder is due to magnetic forces, and these can- 
not be explamed as pressures or tensions m the ether, but have to be 
attnbuted to a comphcated system of cyclones or whirlwmds 

More comphcated electromagnetic phenomena are m general pro- 
duced by a combination of electnc and magnetic forces, and the two 
kmds of mechanism enter m different proportions with different 
speeds of motion through the ether Thus the attempt to find a 
mechamcal explanation of these phenomena mvolves the need for 
two distmct mechanisms to produce identically the same phenome- 
non It has yet to be shown that any concavable ether can accom- 
modate both these mechanisms But even if this could be proved, 
such a duahty m the mechanism required to produce p. single observ- 
able phenomenon is so contrary to the usual workmgs of nature that 
we cannot but feel that we are on the wrong track Newton’s theory 
of gravitati6n would have had htde chance of acceptance if it had 
postulated a\dual mechanism to cxplam why an apple fell from a 
tree, addmg 'tiat one operated m summer and the other m autumn 

Newton hu^elf laid stress on the necessity for avoiding dupheate 
mechanisms on this kmd His Pnnnpia contains a set of “Rules of 
Reasomng m iPhdosophy,’’ of which the first two read as 
follows — \ 
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RULE I ' 

We are to adnut no more causes of natural things than such as are hoth 
true and suffiaent to explain their appearances 

To this purpose the philosophers say that Nature does nothing in vam, and 
more is in vam when less wdl serve, for Nature is pleased with simphaty, 
and affects not the pomp of superfluous causes 

RULE II 

Therefore to the same natural effects we must, as far as possible, assign the 
same causes 

As to respiration m a man and m a beast, the descent of stones m Europe 
and America, the hght of our culinary fire, and of the sun, the reflection of 
hght m the earth, and m the planets 

There is, however, a stronger case than this against supposing the 
luminiferous ether to transmit radiation and electneal action 

We have seen how electnaty, magnetism and hght all seem to be 
m a conspiracy to prevent our detectmg motion tlirough the ether, 
but gravitation remains, tins has always stood apart from the other 
phenomena of physics, and has seemed to be of an entirely different 
nature Now the law of gravitation mvolves die idea of distance, it 
asserts that the gravitational forces between two bodies depend on 
their distance apart, and so are equal at equal distances Thus, m 
theory at least, the law of gravitation provides a measunng rod for 
the measurement of distances 

An ether which transmits electneal action can hardly transmit 
gravitational action as well, smee all the properties with which we 
can endow it are used up m accountmg for its transmission of electnc 
and magnetic forces The measunng rod which the law of gravita- 
tion provides may therefore be expeacd to be immune from the 
Fitzgerald-Lorentz contraction, and with such a measunng rod at 
our disposal we ought to be able to measure the earth’s veloaty 
through space 

Let us examme the possibihty m terms of the simplest possible con- 
crete case Let us ideahze our earth, and think of it as a perfect globe 
As every pomt on its surface is now at the same distance from its 
centre, the force of gravity will be the same at all If this ideahzed 
earth is now set m motion through the ether with a speed of 1,000 
imles a second, the ordmary Fitzgerald-Lorentz contraction would 
cause Its, diameter to shrink by about 600 feet m the direction of 



64 THE MYSTERIOUS UNIVERSE 

motion, and as the pomts at the end of this contracted diameter are 
now nearer to the earth’s centre dian other points on the earth’s sur- 
face, all movable objects on the earth’s surface would tend to shde 
downhill to these two pomts 

Even if It existed, this particular effect would be too small to be 
observed on our actual earth, because the irregulanQes of mountains 
and valleys, which we have idealized out of existence, would easily 
conceal a 600-foot contraction Yet other gravitatioiial phenomena 
of a similar land are large enough to admit of observation, m par- 
ticular the motions of the perihelia of the planets And these show 
that gravitauon is, so to speak, m league with the other forces of 
nature to conceal motion through the ether, if material measuring 
rods expenence the Fitzgerald-Lorentz contraction, then the measures 
of length provided by the law of gravitation do the same Yet as 
gravitation cannot be transmitted through the ether, it is hard to see 
how the measuring rods of the law of gravitation can be subject to 
this contraction We can only conclude that the Fitzgerald-Lorentz 
contraction does not occur at all, and this compels us to abandon the 
mechamcal ether 

We are compelled to start afresh Our difficulties have all arisen 
from our imtial assumption that everything m nature, and waves of 
hght m particular, admitted of mechamcal explanation we tned m 
bnef to treat the umverse as a huge machme As this has led us mto a 
wrong path, we must look for some other gmding pnnaple. 

A safer gmdc than the will-o’-the-wisp of mechamcal explanations 
IS provided by Wilhan of Occam’s pnnaple “Entia non sunt multi- 
pheanda praeter necessitatem.” (We must not assume the existence 
of any entity until we are compelled to do so ) Its philosophical 
content is identical with that of Newton’s first rule of philosophical 
reasoning quoted above It is purely destructive, it takes something 
away, m the present instance the assumption of a mechamcal umverse 
with an underlymg ether transmitting mechamcal action through 
“empty space,’’ and provides nothing to put m its place 

The obvious way of fiUmg the gap is to mtroduce the relativity 
pnnaple “Nature is such that it is impossible to deterrmne absolute 
motion by any experiment whatever ’’ At first sight this may seem 
strange matter widi which to fill the void caused by the withdrawal 
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of the ether, the two hypotheses ate of such difierent natures that it 
ma y seem mcredihle that the second should be able to fill the same 
hole as the first Yet m actual fact one is almost exactly the antithesis 
' of the other, the primary fimction of the ether was to provide a fixed 
fr arn e of reference — all its other properties were ancilianes necessi- 
tated by our efforts to reconcile the observed scheme of nature with 
our prehnunary assumption. In its essence, the theory of relativity 
merely imphes the negation of this prehmmary assumption, so that 
the two are exacdy antithetical 

Just because this is so, the issue between them is clear cut, and the 
expenment is capable of decidmg it. The verdict is qmte unambigu- 
ous, we have seen how aU expenmental efforts to detect an ether 
have failed, and m so domg have added confirmation to the hypoth- 
esis of relativity Every smgle expenment ever performed has, so fer 
as we know, deaded m favour of the relativity hypothesis 

In this way the hypothesis of a mechamcal ether was dethroned, 
and the pnnaple of relativity set to reign m its stead. The signal for 
the revolution was a short paper which Einstem published m June, 
1905 And with its pubhcation, the study of the inner workings of 
nature passed firom the engmeer-saentist to the mathematiaan 
Until this time, we had thought of space as something around us, 
and of tune as somethmg that flowed past us, or even through us. 
The two seemed to be m every way fundamentally different. We can 
retrace our steps m space, but never in time, we can move qmckly, 
or slowly, or not at all, m space as we choose, but no one can 
regulate the rate of flow of time — it rolls on at the same even 
uncontrollable rate for all of us Yet Einstem’s first results, as 
mterpreted by Minkowski four years later, mvolved the amazmg 
conclusion that nature knew nothmg of all this 
We have already seen how matter is electncal m structure, so that 
all physical phenomena are ultimately electrical Minkowski showed 
that the theory of relativity required all electncal phenomena to be 
thought of as occurrmg, not m space and tune separately, as had 
hitherto been thought, but m space and tune welded together so 
thoroughly that it was impossible to detect any traces of a jom, so 
thoroughly that the whole of the phenomena of nature were unable 
to divide the product mto space and time separately 
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When we weld together length and breadth, we get an area — ^let 
us say a cricket field The different players chvide it up into its two 
dimensions m different ways, the direction which is “forwards” for 
the bowler is “backwards” for the batsman and is left-to-nght for 
the umpire But the cncket ball knows nothmg of these distmctions 
It goes where it is hit, directed only by laws of nature which treat 
the area of the cncket field as an mdivisible whole, length and 
breadth bemg welded mto a single undifferentiated unit 

If we further weld together an area (such as a cncket field) of two 
dimensions, and height (of one dimension) we obtam a space of three 
dimensions So long as we do this near the earth, we can always call 
on gravity to separate our space out mto “height” and “area”, for 
instance, the direction of height is that direction m which it is hardest 
to throw a cncket ball a given chstance But out m space, nature pro- 
vides no means of effecting this separation, her laws know nothmg 
of our purely local concepts of horizontal and vertical, and treat 
space as consisting of three dimensions between which no differentia- 
tion IS possible 

By a process of weldmg we have passed m imagination fi-om one 
dimension to two, and agam firom two to three It is harder to pass 
from three to four because we have no direct expenence of a four- 
dimensional space And the four-dimensional space which we par- 
ticularly want to discuss is pecuharly difficult to imagme because one 
of Its dimensions does not consist of ordinary space at all, but of 
tunc, to understand the theory of relativity, we are called on to 
imagme a four-dimcnsional space m which three dimensions of 
ordmary space are welded on to one dimension of time 

Let us confront our difficulties smgly, by first imaginmg a two- 
dimensional space obtamed by weldmg together one dimension of 
ordmary space, namely length, and one dimension of time Fig 2 
may hdp us to understand the concept It represents, m diagram- 
matic form, the runnmg schedule of the Cornish Riwera Express, 
which leaves Paddmgton at 10 30 a m and reaches Plymouth, 226 
miles distant, at 2 30 p m The horizontal hne represents the 226 miles 
of track connecting the two stations, and the vertical Ime represents 
the mterval of time from 10 30 a m to 2 30 p m on any day on 
which the tram is running 
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The thick hue represents the progress of the tram For instance the 
pomt P on this hne is opposite the time 12 0 noon, and above the 
distance 91^ miles from Paddmgton, indicating that the tram has 
travelled 91i miles by noon. On the other hand a pomt such as Q 
represents a spot somewhere near Exeter at noon, it does not he on 



Fig 2. Diagram to illustrate the motion of a tram 
m space and tune 


the thick hne, because the tram does not reach Exeter by noon The 
whole area of the diagram represents aU possible spots on the hne 
between Paddmgton and Plymouth at all times between 10.30 a m 
and 2 30 p m Thus by weldmg together a length, namely 226 rmles 
of track, and a tune, namely four hours around midday, we have 
obtained an area havmg one dimension of space and one of time. 
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In the same way we can imagme the three dimensions of space and 
one dimension of tune wdded together, fo rming a four-dimensionaj 
volume which we shall descnbe as a “contmuum.” Then the pnna- 
ple of relativity, as mtcrpreted by Minkowski, states that all the 
phenomena of electromagnetism may be thought of as occurring m 
a contmuum of four dimensions — three dimensions of space and one 
of tune — in which it is mpossihle to separate the space from the tune in 
any absolute manner In other words the contmuum is one m which 
space and tune are so completely welded together, so perfealy 
merged mto one, that the laws of nature make no distmction between 
them, just as, on the cncket field, length and breadth are so perfectly 
merged mto one that the flymg cncket ball makes no distmction 
between them, treatmg the field merely as an area m which length 
and breadth separately have lost all meanmg 

It may be objected that Fig 2 gives no help towards imag inin g 
this contmuum, that it is merely diagrammatic, that it does not really 
represent the welding together of true tune and length, but merely 
of one length with another length, which as every one knows gives 
an area — m this case a page of the book We need not hngcr over 
this objection because our final conclusion wiH be that the four- 
dimensional contmuum is, m much the same sense, also purely dia- 
grammatic It merely provides a convenient firamework m which to 
exhibit the workmgs of nature, just as Fig 2 provides a convement 
framework m which to exhibit the niimmg of a tram. 

Yet, just because we can exhibit all nature withm this framework. 

It must correspond to some sort of an objective reahty But its 
division mto space and tune is not objective, it is merely subjective 
If you and I happen to be moving with different speeds, space and 
time mean something different to you from what they mean to me, 
we divide the contmuum mto space and time m different ways, just 
as, if we happen to be facmg m different directions, “m front” and 
“to the left" have different meanmgs for the two of us, or just as the 
bowler and the batsman divide up a cncket field m different ways of 
which the cncket ball knows nothmg Even if I change my own 
speed of motion, by putting on the brakes of my car, or jumpmg on 
to a movmg bus, I am re-arranging the division of the contmuum 
mto space and tune for myself And the essence of the theory of 
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relativity is that nature knows nothing of these divisions of the con- 
tinuum mto space and tune, m Minkowski’s words: “Space and tune 
separately have vanished mto the merest shadows, and only a sort of 
combination of the two preserves any reahty ” 

This shows m a flash why the old luminiferous ether had mevit- 
ably to fade out of the picture — ^it claimed to fill “all space,” and so 
to divide up the contmuum objectively mto tune and space. And the 
laws of nature, not recogmzmg such divisions as a possibflity, ca nn ot 
recognize the existence of the edier as a possibihty. 

Thus if we want to visuahze the propagation of hght waves and 
electromagnetic forces by thinkmg of them as disturbances m an 
ether, our ether must be somethmg very different firom the mechani- 
cal ether of Maxwell and Faraday It may be thought of as a four- 
dimensional structure, fillin g up the whole contmuum, and so ex- 
tending through all space and all tune, m which case we can all enjoy 
the same ether. Or, if we want a three-dimensional ether, it must be 
subjective m a way m which the Maxwell-Faraday ether was not. 
Each of us must then carry his own ether about with hun, much as 
in a shower of ram each observer cames his own rambow about with 
him. If I change my speed of motion I create a new ether for myself, 
just as, if I step a few paces m a sunny shower, I acquire a new ram- 
bow for myself. And unless the expandmg umverse descnbed above 
(p 42) IS a pure illusion, every one’s ether must mcessantly expand 
and stretch Whether a structure of this kmd ought to be called an 
elher, is open to question, it would be hard to find any property it 
has in common with the old nmeteenth-century ether. Indeed, as the 
hypothesis of relativity is the exact negation of the existence of the 
old ether, it is clear that any ether that relativity can allow to remam 
m bemg must be the exact opposite of the old ether. This bemg so. 
It seems a mistaken effort to call them by the same name 
I do not think there is any real divergence of opmion among com- 
petent saentists on all this Sir Arthur Eddington truly says that 
about half the leadmg physicists assert that the ether exists and the 
other half deny its existence, but contmues* “Both parties mean 
exactly the same thmg, and are divided only by words ” Sir Ohver 
Lodge, who has been the staunchest supporter of the objective exis- 
tence of an ether m recent years, writes — 
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The ether m its various forms of energy dominates modem physics, though 
many prefer to avoid the term “ether” because of its mneteenth-century 
assoaations, and use the term “space *' The term used does not much matter 


Clearly, if it is a matter of mdificrence whether we speak of the 
ether or of space, of the existence or non-existence of the ether, then 
even its most ardent devotees cannot claim much objective reahty 
for It. I think the best way of regardmg the ether is as a frame of 
reference just as the diagram on page 67 is a frame of reference, its 
existence is just as real, and just as unreal, as that of the equator, or 
the north pole, or the mendian of Greenwich. It is a creation of 
thought, not of sohd substance We have seen how the ether, which 
IS the same for all of us, as distinguished from your ether or my ether, 
must be supposed to pervade all time as well as all space, and that no 
vahd distmction can be drawn between its occupancy of time and 
space The framework m time to which we must compare the time- 
dimension of the ether is of course ready to hand — it is the division 
of the day mto hours, minutes and seconds And unless we thuik of 
this division as matenal, which no one ever does or has done, we arc 
not justified in thinkin g of the ether as matenal In the new hght 
which the theory of relativity has cast over saence, we sec that a 
matenal ether fillmg space could only be accompamed by a matenal 
ether fillin g time — the two stand or frll together 
Thus we seem on fairly safe ground m thinking of the ether as a 
pure abstraction, it is at best “a local habitation and a name.” Yet a 
local habitation for what? The umverse consists only of waves, and 
we first mtroduced the ether as the normnative of the verb “to undu- 
late ” This conception must now be abandoned, for the utterly unsub- 
stantial ether we are now considcrmg is as mcapablc of undulation 
as IS the equator or the mendian of Greenwich It does not of course 
follow that nothmg undulatory can be propagated through this im- 
matenal medium We speak of a heat wave, or a suiade wave, and 
do not ask for an undulating medium to convey them The heat 
wave might be propagated round the equator, and the suicide wave 
along the mendian of Greenwich 
It may be thought that, although we can obtam no direct evidence 
of the existence of the ether, yet we can find evidence of something 
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of the nature of waves passing through it, m all the phenomena 
which are generally taken to prove the undulatory nature of hght — 
Newton’s nngs, diflhaction patterns, and mterference phenomena m 
general This, however, is not so, for agam we have no knowledge 
of the supposed waves except where there are particles of matter to 
reveal them to us The phenomenajust mentioned give us no know- 
ledge of things passmg through the ether, but only of dungs falling 
on matter So far as we know, nothmg at all is propagated that is 
more concrete than a mathematical abstraction — it is hke astronorm- 
cal noon bemg propagated over the surface of the earth as the earth 
turns round under the sun Yet I can imagine a physicist mtervemng 
with an objection at this stage, it would be somedung hke this — 

Physicist The sunshine out of doors represents energy which was 
generated m the sun Eight mmutes ago it was m the sun, now it is 
here Consequendy it must have come from the sun, and so must 
have travelled through the space which mtervenes between the sun 
and us It seems to me, then, that energy must be propagated through 
the space which mtervenq between the sun and us It seems to me, 
then, that energy must be propagated through space 

Mathematician Let us make the question at issue as precise as pos- 
sible Let us frx our attention on a defmite parcel of sunhght, say 
that which falls on my book in the space of a second, as I sit readmg 
out m the bnght sunshme This, you say, was m the sun eight 
minutes ago Four mmutes ago it was, I suppose, out m space, half- 
way between the sun and ourselves Two mmutes ago it was three- 
quarters of the way towards us? 

Physicist Yes, and that is what I call bemg propagated through 
space, energy moves from one bit of space to anoier 

Mathematician Your concept imphes that at any instant the differ- 
ent htde bits of space are occupied by different amounts of energy. 
If so. It ought of course to be possible to calculate or measure how 
much IS m a given bit of space at a given instant If you assume that 
die sun IS at rest m an ether, and that« sunhght is energy propagated 
dirough this ether, then, I adrmt, you can get a qmte defrmte answer 
to the problem. Maxwell gave it m 1863 Also if you assume that the 
smi, and of course the whole solar system with it, is movmg steadily 
dirough the ether at a known speed, say 1,000 miles a second, you 
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can also get a definite answer to your problem. But — and this is th( 
crux of die matter — the two answers are different. Wdl you tell m( 
which IS the nght one^ 

Physiast Obviously the first is nght if the sun is at rest m the ether 
and die second if the sun has a steady speed of 1,000 miles a second 
through the ether 

MathemaUaan Yes, but we are m agreement that “at rest m the 
ether” means nothing at all, and “a steady speed of 1,000 miles a 
second through the ether” means no thin g at all If we try to attach 
any meaning to them, all the phenomena of nature msist that the 
same meaning must be attached to both Consequendy I find your 
answer meamngless 

In some such way as this we find that the attempt to parcel out 
energy amongst the different parts of space leads to an ambigmty 
which cannot be resolved It seems natural to suppose that our 
attempt is a misgmded one, and that the partition of energy through 
space IS illusory 

And agam, the attempt to regard the flow of energy as a concrete 
stream always defeats itself With a stream of water, we can say that 
a certam particle of water is now here, now there, with energy it is 
not so The concept of energy flowmg about through space is useful 
as a picture, but leads to absurdities and contradictions if we treat it 
as a reahty Professor Poyntmg gave a well-known formula which 
tells us how energy may be pictured as flowing m a certam way, but 
the picture is far too artificial to be treated as a reality, for instance, 
if an ordinary bar-magnet is electrified and left standmg at rest, the 
formula pictures energy flowmg endlessly round and round the 
magnet, rather like innumerable rings of children jommg hands and 
dancing to all eternity round a maypole The mathematician brmgs 
(he whole problem back to reahty by treatmg this flow of energy as 
a mere mathematical abstraction Indeed he is almost compelled to 
go further and treat energy itself as a mere mathematical abstraction 
— the constant of mtegration m a differential equation If he docs 
t|iis. It becomes no more absurd that there should be two different 
values for the amounts of energy m a given region of space than that 
there should be two different times at the same place, such as stan- 
dard and dayhght-savmg tunes m New York, or civil and sidereal 
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times m an observatory If he declines to do this, he is left: to defend 
the untenable position that the universe is built, m a concrete way, 
of energy m its alternative forms of matter and radiation, and that 
energy cannot be locahzed m space We shall discuss this situation 
further below (p. 98) 

Before proceedmg to consider other developments of the theory 
of relativity, it seems appropnate to discard the word “ether” m 
favour of the term “continuum,” this meamng the four-dunensional 
“space” we have already imagmed, m which the three dimensions 
of ordinary space are supplemented by time acting as a fourth 
dimension 

Laws of nature express happemngs m time and space, and so can 
of course be stated "with reference to this four-dimensional con- 
tinuum In discussmg these laws quantitatively, it is found convem- 
ent to imagme both time and space measured m a very speaal and a 
very artifiaal manner We shall not measure lengths m terms of feet 
or centimetres, but m terms of a umt of about 186,000 miles, which 
is the distance that hght travels m a second And we shall not 
measure time m ordinary seconds, but in terms of a mystenous umt 
equal to a second multiphed by V “ 1 square root of - 1) 
Mathematiaans speak of V - 1 as an “imagmary” number, because 
It has no existence outside their imagmations, so that we are measur- 
ing time m a highly artifiaal manner. If we are asked w'hy we adopt 
these weud methods of measurement, the answer is that they appear 
to be nature’s ovm system of measurement; at any rate they enable 
us to express the results of the theory of relativity m the simplest 
possible form If we are further asked why this is so, we can give no 
^^^er — if we could,, we should see far deeper than we now do mto 
the inner mystenes of nature 

Let us, then, agree to use the weird system of measurement just 
desenbed, and construct our continuum accordmgly Minkowski 
showed that if the hypothesis of relativity is true, the statement of 
the laws of nature must show no distinction between time and space, 
when the continuum is construrted m the way just desenbed; the 
three dimensions of space and one of time enter as absolutely equal 
partners mto the formulation of every natural law. If they did not, 
the law would be at vanance with the pnnaple of relativity. 
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It was soon noticed that Newton’s famous law of gravitation did 
not conform to the conditionjust stated, so that cither Newton’s law 
or the hypothesis of relativity was wrong Einstem exammed what 
alterations would have to be apphed to Newton’s law to btmg it mto 
conformity with the hypothesis of relativity, and found that the neces- 
sary changes mvolvcd the appearance of three new phenomena which 
were not imphed m Newton's old law In other words, nature pro- 
vided three distmct ways of deading observationally between the 
laws of Einstem and Newton When the test was made, the decision 
was ^vourable to Einstem m every case 

What we call the “law of gravitation’’ is, stnedy speaking, nothing 
more than a mathematical formula giving the acceleration of a mov- 
mg body — the rate at which it changes its speed of motion Newton’s 
law lent itself to a rather obvious mechamcal mterpretation a body 
moved m the same way as it would if it were “drawn off from its 
rectilmear motion” (to use Newton’s phrase) by a force propor- 
tional to the mverse square of the distance Newton accordmgly 
supposed such a force to exist, it was called the “force of gravity ” 
Emstem’s law did not lend itself to any such mterpretation m terms 
of forces, or mdeed to any mechamcal mterpretation whatever — still 
another mdication, if one were needed, that the age of mechanical 
saence had passed But it was found to admit of an easy mterpreta- 
tion m terms of geometry The e&ct of a mass of gravitating matter 
was not, as Newton had imagmed, to exude a “force,” but to dis- 
tort the four-dimensional continuum m its naghbourhood The 
movmg planet or cnckct ball was no longer drawn off from its 
rectilmear motion by the pull of a force, but by a curvature of the 
continuum 

It IS difficult enough to imagme the four-dimensional continuum 
even when undistorted, and still more so to imagme its distortions, 
but the two-dimensional analogy of an area may help Surfaces such 
as a cncket field or the skm of our hand are two-dimensional con- 
tinua, the analogies of the distortions produced by gravitating masses 
are mole hdls or bhsters The cncket ball which rolls over a mole hill 
IS “drawn off from its rectilmear motion” like a comet or a ray of 
light passmg near the sun And the combmed distortions of the four- 
dimensional continuum produced by all the matter m the umverse 
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cause the continuum to bend back on itself to form a closed surface 
so that space becomes “fimte,” with the results that have been already- 
discussed m Chapter Two 

Space and time as separate entities have already disappeared from 
the umverse, gravitational forces now disappear also, leaving nothing 
but a crumpled contmuum Nmeteenth-century saence had reduced 
the universe to a playground of forces of only two kmds — gravita- 
tional forces which govern the major phenomena of astronomy, 
besides keeping our bodies and possessions on the earth’s surface, and 
electromagnetic forces, which control all other physical phenomena, 
such as hght, heat, sound, cohesion, elastiaty, chermcal change, and 
so forth Now that gravitational forces have disappeared from saence, 
it IS natural to wonder why electromagnetic forces happen to survive,' 
and how they figure m the contmuum Although the question is not 
finally settled, it seems hkely that these, too, are destmed to go the 
way of gravitational forces Weyl and Eddmgton successively pro- 
pounded theones which dispensed with electromagnetic forces 
altogether, and tried to mterpret all physical phenomena as conse- 
quences of the pecuhar geometry of the contmuum Both these 
proved open to objections, the fate of a more recent theory of the 
same type by Emstem is still m the balance. But whatever theory 
finally prevails, it seems fairly certam that m some way or other 
electromagnetic forces -will ere long be resolved merely mto a new 
type of crumphng of the contmuum, essentially drflferent m its 
geometry, but m no other respect, from that whose efiects we 
descnbe as gravitation If so, the umverse will have resolved itself 
mto an empty four-dimensional space, totally devoid of substance, 
and totally featureless except for the cnimplmgs, some large and 
some small, some mtense and some feeble, m the configuration of 
the space itself 

What we have hitherto spoken of as the propagation of energy, 
such as the passage of sunhght from sun to earth, now reduces to 
nothmg more than the contmmty of a corrugated crumphng along 
a Ime m the contmuum which extends over about eight mmutes of 
our terrestnaljame and about 92,500,000 nnles of our terrestrial 
length We now see that we cannot picture it as the propagation 
of anythmg conaete or objective through space unless we fiirst 
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divide the continuum objectively mto space and tune, and this is 
precisely what we are forbidden to do 
To sum up, a soap bubble with irregulanties and corrugations on 
Its surface is perhaps the best representation, m terms of simple and 
famihar matenals, of the new umverse revealed to us by the theory 
of relativity The umverse is not the mtetior of the soap bubble but 
Its surface, and we must always remember that, while the surface of 
the soap bubble has only two dimensions, the umverse bubble has 
four — diree dimensions of space and one of time And the substance 
out of which this bubble is bloivn, the soap film, is empty space 
welded on to empty tune 



CHAPTER FIVE 


INTO THE DEEP WATERS 

L et us study in more detail tins soap butble, blown of empti- 
ness, by whicb modem saence portrays the umverse Its surface 
IS nchly marked with irregulanties and corrugations Two mam kmds 
may be discerned, which we interpret as radiation and matter, 
the mgredients of which the universe appears to us to be 
built 

Markmgs of the first land represent radiation All radiation travels 
at the same uniform speed of about 186,000 miles a second. If the 
tram m Fig. 2 (p. 67) had travelled at a uniform speed of a uule a 
mmute, its motion would have been represented by a perfectly 
straight hne mchned at an angle of 45° to the vertical A succession 
of trams all movmg uniformly at a mile a minute would be repre- 
sented by a lot of lines all parallel to this Now let us change our 
standard speed from a mile a mmute to 186,000 miles a second, and 
replace the one duection fi:om London to Plymouth by all the direc- 
tions m space The diagram on page 67 now becomes replaced by 
the four-dimensional continuum, and radiation is represented by a 
set of hues all making the same angle (45°) with the duection of 
time advancmg 

Markings of the second kmd represent matter. This moves through 
space at a vanety of different speeds, but aU are small in comparison 
With the speed of hghti To a first rough approximation, we may 
regard all matter as standmg still m space, and movmg forward only 
m time, so that the markmgs which represent it run m the duection 
of tune advancmg, just as, if the tram whose journey is shown m 
big 2 (p. 67) were to stop at a station, its stay there would be 
represented by a bit of vertical Ime 
The markmgs which represent matter tend to form broad bands 
across the surface of the soap bubble, like broad streaks of pamt on 
a canvas This is because the matter of the umverse tends to aggregate 
mto large masses — stars and other astronomical bodies These bands 
or streaks are known as “world hues”; the world hne of the sim 
traces out the position of the sun m space which corresponds to each 
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instant of time We can picture tins cJiagrammatically in Rg. 3, 
below 

Just as a cable is formed of a great number of fine threads, so the 
world Ime of a large body like the sun is formed of innumerable 
smaller world Imes, the world Imes of the separate atoms of which 



Fig 3 Diagram to illustrate the motion of the sun and its 
radiation m space and time (cf Fig 2 on page 67) 

the sun is composed Here and there these fine threads enter or leave 
the mam cable as an atom is swallowed up by, or ejected from, the 

'^^^may t hink of the surface of the bubble as a tapestry whose 
threadsWe the world lines of atoms In so far as atoms arc permanent 
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and indestructible, the thread-like world lines of the atoms traverse 
the whole length of the picture m the direction of tune advancmg. 
But if atoms are annihilated, the threads may end abruptly and tassels 
of world lines of radiation spread out from their broken ends As 
we move timewards along the tapestry, its vanous threads for ever 
shift about m space and so change their places relative to one another. 
The loom has been set so that they are compelled to do this accordmg 
to defimte rules which we call the “laws of nature ” 

The world hne of the earth is a smaller cable, made up of several 
strands, these representmg the mountains, trees, aeroplanes, human 
bodies and so on, the aggregate of which makes up the earth Each 
strand is made up of many threads — the world hnes of its atoms A 
strand which represents a human body does not differ m any observ- 
able essentials from the other strands It shifts about, relatively to the 
other strands, less freely than an aeroplane, but more freely than a 
tree Like the tree, it begins as a small thmg and mcreases by contmual 
absorption of atoms from outside — ^its food The atoms of which it 
is formed do not differ in essentials from other atoms, exacdy similar 
atoms enter mto the composition of mountains, aeroplanes 
and trees 

Yet the threads which represent the atoms of a human body have 
the speaal capaaty of conveymg impressions through our senses to 
our minds These atoms affect our consaousness directly, while aU 
the other atoms of the umverse can only affect it mdirectly, through 
the mtermediary of these atoms We can most simply mterpret con- 
saousness as somethmg residmg entirely outside the picture, and 
makmg contact with it only along the world hnes of our bodies 
Your consaousness touches the picture only along your world hne, 
name along my world hne, and so on The effect produced by this 
contart is primarily one of the passage of time, we feel as if we were 
bemg dragged along our world hne so as to expenence the different 
pomts on It, which represent our states at the different instants of 
tune, m turn 

It may be that tune, from its beginmng to the end of etenuty, is 
spread before us m the pictiue, but we are m contact with only one 
instant, just as the bicycle-wheel is m contact with only one pomt of 

1 ’rrrr 1 - t i « 
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come across them Or, as Plato expressed it twenty-three centimes 
earher m the Tiniaens — 

The past and future are created speaes of time which we unconsaously but 
wrongly transfer to the eternal essence "We say “was,” “is,” “will be,” but 
the truth is that “is” can alone properly be used. 

In this case, our consaousness is like that of a fly caught m a dusting- 
mop which IS bemg drawn over the surface of fhe picture, the whole 
picture IS there, but the fly can only cxpenence the one instant of 
time with which it is m immediate contact, although it may remem- 
ber a bit of the picture just behmd it, and may even delude itself mto 
imaginmg it is helpmg to pamt those parts of the picture which he 
m &ont of It 

Or again, it may be that our consaousness should be compared 
to the feehng m the finger of the pamter as he guides the brush 
forward over the stiU unfinished picture If so, the impression of influ- 
enemg the parts of the picture yet to come is somethmg more than a 
pure illusion At present saence can tell us very htde as to the way 
m which our consaousness apprehends the picture, it is concerned 
mainly with the nature of the picture 

We have seen how the ether which was at one time supposed to 
fill the umverse has been reduced to an abstraction, a firamework of 
empty space, amounting to nothing more than the spatial dimen- 
sions of a soap bubble, whose soap-film consists of vacancy The 
waves which were at one time supposed to traverse this ether have 
also been reduced to htde more than an abstraction they are corru- 
gations on a cross-section of the bubble by tune 

This quahty of abstracmess m what were at one time regarded as 
matenal “ether-waves” recurs m a far more acute form when we 
turn to the system of waves which make up an electron The “ether” 
in terms of which we find it convement to explain ordinary radiation 
— say, sunhght — ^has three dimensions of space, m addition to its one 
dimension of time So also has the ether m which we describe the 
waves which constitute a smgle electron isolated in space, this may 
or may not be the same ether as before, but it is s imi la r m having 
three dimensions of space and one of tune But a single electron 
isolated m space provides a perfectly eventless umverse, the simplest 
concavable event occurrmg when two electrons meet one another 
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And to descnbe, in. its simplest terms, wiiat happens when two elec- 
trons meet one another, the wave-mechamcs asks for a system of 
waves in an ether which has seven dimensions; six are of space, three 
for each of the electrons, and one is of time To descnbe a meetmg 
of three electrons, we need an ether of ten dimensions, mne of space 
- (again three for each electron) and one of time W^ere it not for the 
last dimension of time which bmds all the others together, the vanous 
electrons would aU exist m separate non-commumcatmg three- 
dimensional spaces Thus tim e figures as the mortar which bmds the 
bncks of matter together, much as, on the spmtual plane, the 
“wmdowless monads” of Leibmtz were bound together by the um- 
versal mmd Or, perhaps -with a nearer approach to actuahty, we 
may think of the electrons as objects of thought, and time as the 
process of thinking. 

Most physicists would, I think, agree that the seven-dimensional 
space m which the wave-mechanics pictures the meetmg of two 
electrons is purely fictitious, in which case the waves which accom- 
pany the electrons must also be regarded as fictitious Thus Professor 
Schrodmger, wntmg of the seven-dimensional space, says that 
although It 

has quite a definite physical meaning, it cannot very well be said to “exist", 
hence a wave-motion m this space cannot be said to “exist” m the ordinary 
sense of the word cither It is merely an adequate mathematical description of 
what happens It may be that also m the case of one single (electron), the 
wave-motion must not be taken to “exist” m too hteral a sense, although the 
configuration-space happens to comade with ordinary space m this particu- 
larly simple case 

Yet It IS hard to see how we can attnbute a lower degree of reality 
to the one set of waves than to the other, it is absurd to say that the 
waves of smgle electrons are real, while those of pairs of electrons are 
fictitious And the waves of single electrons are real enough to record 
themselves on a photographic^plate and produce the patterns shown 
m Frontispiece Plate II. We cmi only regam complete consistency by 
supposing all the waves, those of two electrons, those of one electron, 
and the waves on Professor Thomson’s photographic plate, to have 
the same degree of reahty or unreahty 

Some physicists meet this situation by regardmg the electron- 
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waves as waves of probability. When we speak of a odal-wave we 
mean a matenal wave of water which wets everything m its path 
When we speak of a heat-wave we mean somethmg which, although 
not matenal, warms up every thmg in its path But when the evemng 
papers speak of a suiade-wave, they do not mean that each person 
m the path of the wave will commit smade, they merely mean that 
the hkeiihood of his domg so is mcreased If a smadc-wave passes 
over London, the death-rate from suiadc goes up, if it passes over 
Robinson Crusoe’s Island, the probabihty that the sole inhabitant will 
kdl himself goes up The waves which represent an electron m the 
wavc-mechames may, it is suggested, be probabihty-waves, whose 
mtensity at any point measures the probabihty of the electron being 
at that pomt. 

Thus at each pomt on Professor Thomson’s plate (Figs 2 and 3, 
Frontispiece Plate II), the wavc-mtcnsity measures the probabihty 
that a single dif&acted electron would hit the plate at that spot 
When a whole crowd of electrons is difiracted, the total number 
which hit any spot is, of course, proportional to the probabihty of 
each mdmdual hitting the spot, so that the darkening of the plate 
gives a measure of the probabihty per electron 

This view has the great ment that it enables the electrons to pre- 
serve their identity If the electron-waves were true matenal waves, 
each system of waves would probably be dispersed by the expen- 
ment, so that no electrified particles would survive as such m the 
dif&acted beam Indeed, any encounter with matter would break up 
electrons, which could not be regarded as permanent structures 
Actually, of course, it is the shower of electrons, rather than the 
individual, that is difiracted, the mdividual electrons move as par- 
ticles and retain their identity as such 

All this IS m accordance with Heisenberg’s “uncertamty pnnaple” 
(p 17), which makes it impossible ever to say “An electron is here, 
at this precise spot, and is moving at just so many miles an hour”. 

It IS also m accordance with the general pnnaple of Dirac, which has 
already been explamed (p 19) Yet these two prmaplcs alone are 
not enough to specify the full nature of the electron-waves 

Heisenberg and Bohr have suggested that these waves must be 
regarded merely as a sort of symbohe representation of our know- 
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ledge as to the probable state and position of an electron. If so, they 
change as our knowledge changes, and so become largely subjective. 
Thus we need hardly think of the waves as bemg located m space 
and timeat all; they are mere visuah2ations ofa mathematical formula 
of an undulatory, but wholly abstract, nature. 

A stiU more drastic possibdity, again ansmg out of a suggestion 
made by Bohr, is that the minutest phenomena of nature do not 
admit of representation m the space-time framework at all On this 
view the four-dunensional continuum of the theory of relativity is 
adequate only for some of the phenomena of nature, these mcludmg 
large-scale phenomena and radiation m free space; other phenomena 
can only be represented by going outside the continuum We have, 
for instance, already tentatively pictured consciousness as something 
outside the continuum, and have seen how the meeting of two elec- 
trons can most simply be pictured in seven dimensions It is conceiv- 
able that happenings entirely outside the continuum detenmne what 
we descnbe as the “course of events” inside the continuum, and that 
the apparent mdetermmacy of nature may arise merely from our 
trying to force happenings which occur in many dimensions into a 
smaller number of dimensions Imagme, for instance, a race of bhnd 
worms, whose perceptions were limited to the two-dimensional 
surface of the earth Now and then spots of the earth would sporadic- 
ally become wet. We, whose faculties range through three dimen- 
sions of space, call the phenomenon a ram-shower, and know that 
events m the third dimension of space determine, absolutely and 
umquely, which spots shall become wet and which shall re main dry. 
But if the worms, unconsaous even of the existence of the third 
dimension of space, tned to thrust all nature mto their two-dimen- 
sional framework, they would be unable to discover any determinism 
m the distnbution of wet and dry spots; the worm-saentists would 
only be able to discuss the wetness and dryness of minute areas in 
terms of probabilities, which they would be tempted to treat as 
ultimate truth. Although the time is not yet npe for a decision, thii 
seems to me, personally, the most promising mterpretation of the 
situation Just as the shadows on a wall form the projection of a 
three-drmensional reahty mto two dimensions, so the phenomena of 
the space-time continuum may be four-dimensional projections of 

M S T — 
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realities which occupy more than four dimensions, so that events m 
time and space become 

no other than a moving row 
of Magic Shadow-shapes that come and go 

It may perhaps be objected that we have paid altogether too much 
attention to the wavc-mechames, which after all is only a mathe- 
matical picture, when probably innumerable other mathematical 
pictures might serve equally well, and nught lead to entirely difierent 
conclusions 

It IS true that the wave-mecham(3 picture can make no claim to 
umqueness Other systems are m the field, particularly those of 
Heisenberg and Dirac Yet m the mam these only say the same thing 
m other, and firequendy more compheated, words No other system 
yet devised explains things so simply, or seems to be so true to nature, 
as the wave-mechames of de Broghe and Schrodmger Photographs 
such as those shown m Frontispiece Plate n bear wimess that waves 
of defimte wave length are somehow fimdamental m nature’s scheme, 
these waves form the fundamental concept of the wave-mechames, 
but only appear as rather far-fetched by-products m the other 
systems Also, just because of its inherent simphaty, the wave- 
mechanics has shown a capaaty for penetratmg much fiirther mto 
the secrets of nature than any other system, so that other systems are 
already felhng somewhat mto the background To vary our meta- 
phor, they have served a valuable purpose as scaffoldmg, but there 
seems to be but htde mclmation to add to them further 

If then we are to concentrate on one picture, we seem justified m 
selectmg that provided by the wave-mechames, although m pomt 
of fact ather the system of Heisenberg or that of Dirac would lead 
us to very much the same conclusion The essential fact is simply that 
all the pictures which saence now draws of nature, and which alone 
seem capable of according with observational fact, arc mathematical 
pictures 

Most sacntists would agree that they are nothmg more than 
pictures — ^fictions if you like, if by fiction you mean that saence is 
not yet m contact with ultimate rcahty Many would hold that, from 
the broad philosophical standpomt, the outstandmg achievement of 
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twentteth-century physics is not the theory of relativity with its 
welding together of space and time, or the theory of quanta with its 
present apparent negation of the laws of causation, or the dissection 
of the atom with the resultant discovery that thmgs are not what 
they seem, it is the general recognition that we are not yet m contact 
with ultimate reahty To speak m terms of Plato’s well-known simile, 
we are still imprisoned m our cave, with our backs to the hght, and 
can only watch the shadows on the wall At present the only task 
immediately before science is to study these shadows, to classify them 
and explain them m the simplest possible way. And what we are 
findmg, m a whole torrent of surpnsmg new knowledge, is that the 
way which explains them more clearly, more fully and more natur- 
ally than any other is the mathematical way, the explanation m terms 
of mathematical concepts It is true, m a sense somewhat different 
from that mtended by Gahleo, that “Nature’s great book is wntten 
m mathematical language ’’ So true is it that no one except a mathe- 
matiaan need ever hope fully to understand those branches of saence 
which try to unravel the fimdamental nature of the tmiverse — the 
theory of relativity, the theory of quanta and the wave-mechames 
The shadows which reahty throws on to the wall of our cave might 
a prion have been of many kmds They might conceivably have been 
perfectly meanmgless to us, as meamngless as a cmematograph film 
showmg the growth of rmcroscopic tissues would be to a dog who 
had strayed mto a lecture-room by mistake Indeed, our earth is so 
infinitesimal m comparison with the whole umverse, we, the only 
thinking bemgs, so frr as we know, m the whole of space, are to all 
appearances so acadental, so far removed from the mam scheme of 
the umverse, that it is a priori all too probable that any meaning that 
the umverse as a whole may have, would entirely transcend our 
terrestrial expenence, and so be totally umntelhgible to us In this 
event, we should have had no foothold from which to start our 
exploration of the true meamng of the umverse 
Although this IS the most hkdy event, it is not impossible that 
some of the shadows thrown on to the walls of our cave might 
suggest objects and operations with which we cave-dwellers were 
already famihar m our caves The shadow of a f allin g body behaves 
like a falhng body, and so would renund us of bodies we had our- 
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selves let fall, v/e should be tempted to mterpret such shadows in 
mechanical terms This explains the mechamcal physics of the last 
century, the shadows reminded our saentific predecessors of the 
behaviour of jeUies, spinning-tops, thrust-bars, and cog-wheels, so 
that they, mistakmg the shadow for the substance, bcheved they saw 
before them a umverse of jelhes and mechanical devices We know 
now that the mterprctation is conspicuously inadequate it fails to 
explam the simplest phenomena, the propagation of a sunbeam, the 
composition of radiation, the fall of an apple, or the whirl of 
electrons m the atom. 

Agam, the shadow of a game of chess, played by the actors out m 
the sunbght, would renund us of the games of chess we had played 
m our cave Now and then we nught recognize kmghts’ moves, or 
observe castles movmg simultaneously with kmgs and queens, or 
discern other characteristic moves so similar to those we were accus- 
tomed to play that they could not be attnbuted to chance We would 
no longer think of the external xeahty as a machine, the details of 
Its operation might be mechanical, but m essence it would be a rcahty 
of thought we should recognize the chess players out m the sunhght 
as beings governed by rmnds like our own, we should find the 
counterpart of our own thoughts m the reahty which was for ever 
inaccessible to our dnect observation 

And when saentists study the world of phenomena, the shadows 
which nature throws on to the wall of our cave, they do not find 
these shadows totally umntelhgible, and neither do they seem to 
represent unknown or unfamihar objects Rather, it seems to me, we 
can recognize chess players outside m the sunshine who appear to be 
very well acquainted with the rules of the game as we have formulated 
them in our cave To drop our metaphor, nature seems very conver- 
sant with the rules of pure mathematics, as our mathematicians have 
formulated them m their studies, out of then own inner consaous- 
ness and without drawing to any appreaable extent on their expen- 
ence of the outer world By “pure mathematics” is meant those 
departments of mathematics which are creations of pure thought, of 
reason operating solely withm her own sphere, as contrasted with 
“apphed mathematics” which reasons about the external world, after 
first takmg some supposed property of the external world as its raw 



INTO THE DEEP WATERS 


87 

matenal. Descartes, looking round for an example of the produce of 
pure thought uncontaminated by observation (rationahsm), chose 
the fact that the sum of the three angles of a tnangle was necessarily 
equal to two nght angles. It was, as we now know, a smgularly 
unfortunate choice. Other choices, far less open to objection, might 
easily have been made, as, for instance, the laws of probabdity, the 
rules of mampulation of “imagmary” numbers — i c , numbers con- 
tai nm g the square roots of negative quantities — ormulti-dimensional 
geometry AH these branches of mathematics were ongmally worked 
out by the mathematiaan m terms of abstract thought, practically 
uninfluenced by contact "with the outer world, and drawmg no thing 
from expenence. they formed 

an independent world 
created out of pure intelligence. 

And now it emerges that the shadow-play which we desenbe as 
the fall of an apple to the ground, the ebb and flow of the tides, the 
motion of electrons m the atom, are produced by actors who seem 
very conversant with these purely mathematical concepts — ^with our 
rules of our game of chess, which we formulated long before we 
discovered that the shadows on the wall were also playmg chess 

When we try to discover the nature of the r^hty behmd the 
shadows, we are confronted with the fact that all discussion of the 
ultimate nature of things must necessarily be barren unless we have 
some extraneous standards against which to compare them For this 
reason, to borrow Locke’s phrase, “ the real essence of substances” is 
for ever unknowable We can only progress by discussmg the laws 
which govern the changes of substances, and so produce the pheno- 
mena of the external world These we can compare with the abstract 
creanons of our own mmds. 

For instance, a deaf engmeer studying the action of a pianola rmght 
try first to mterpret it as a machme, but would be baffled by the 
contmuous reiteration of the mtervals 1, 5, 8, 13 m the motions of its 
trackers A deaf musiaan, although he could hear nothmg, would 
immediately recognize this succession of numbers as the mtervals of 
the common chord, while other successions of less frequent occur- 
rence would suggest other musical chords In this way he would 
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recognize a kinship between his own thoughts and the thoughts 
which had resulted in the making of the pianola, he would say that 
It had come mto existence through the thought of a musiaan In the 
same way, a sacntific study of the action of the umverse has suggested 
a conclusion which may be summed up, though very crudely and 
qmte madequately, because we have no language at our command 
except that derived ftom our terrestrial concepts and expenences, m 
the statement that the umverse appears to have been designed by a 
pure mathemaQaan 

This statement can hardly hope to escape challenge on the ground 
that we are merely mouldmg nature to our pre-conceived ideas The 
musician, it will be said, may be so engrossed m music that he would 
contnve to interpret every piece of mechanism as a musical instru- 
ment, the habit of thinking of all intervals as musical intervals may 
be so mgrained m him that if he fell downstairs and bumped on stairs 
numbered 1, 5, 8 and 13 he would see music m his fall In the same 
way a cubist pamter can see nothmg but cubes m the mdescnbable 
nchness of nature — and the unreahty of his pictures shows how far 
he IS from understandmg nature, his cubist spectacles are mere blink- 
ers which prevent his scemg more than a mmutc fraction of the great 
world around him So, it may be suggested, the mathemauaan only 
sees nature through the mathemati^ blinkers he has fashioned for 
himself We may be rermnded that Kant, discussmg the vanous 
modes of perception by which the human mmd apprehends nature, 
concluded that it is spcaally prone to sec nature through mathe- 
matical spectacles Just as a man wearing blue spectacles would sec 
only a blue world, so Kant thought that, with our mental bias, we 
tend to see only a mathematical world Docs our argument merely 
excmphfy this old pitfall, if such it is? 

A moment’s reflection will show that this can hardly be the whole 
story The new mathematical mterprctation of nature cannot all be 
m our spectacles — m our subjective way of regardmg the external 
w orld — smcc if it w ere we should have seen it long ago The human 
mind was the same m quahty and mode of action a century ago as 
now, the recent great change in saen&fic outlook has resulted from a 
vast advance in sacnnfic knowledge and not from any change m the 
human mind, wc have found something new and hitherto unknown 
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in the objective universe outside ourselves Our remote ancestors 
tned to mterpret nature m terms of anthropomorphic concepts of 
then own creation and failed The efforts of our nearer ancestors to 
mterpret nature on engmeenng hues proved equally madequate. 
Nature refused to accommodate herself to ather of these man-made 
moulds On the other hand, our efforts to mterpret nature in terms 
of the concepts of pure mathematics have, so far, proved brilliantly 
successful It would now seem to be beyond dispute that in some 
way nature is more closely alhed to the concepts of pure mathematics 
than to those of biology or of engineenng, and even if the mathe- 
matical mterpretation is only a third man-made mould, it at least 
fits objective nature mcomparably better than the two previously 
tned. 

A hundred years ago, when saentists were trymg to interpret the 
world mechamcally, no wise man came forward to assure them that 
the mechamcal view was bound to prove a misfit m the end — that 
the phenomenal universe would never make sense until it was pro- 
jected on to a screen of pure mathematics, had they brought forward 
a convincing argument to this effect, science might have been saved 
much fiaudess labour. If the philosopher now says: “What you have 
found IS nothmg new: I could have told you that it must be so all the 
time,” the scientist may reasonably inquire: “Why, then, did you 
not tell us so, when we should have found the information of real 
value’” 

Our contention is that the umverse now appears to be mathe- 
matical m a sense different firom any which Kant contemplated or 
possibly could have contemplated — ^m bnef, the mathematics enters 
the umverse firom above instead of fi-om below. 

In one sense it may be argued that evetythmg is mathematical 
The simplest form of mathematics is arithmetic, the science of 
numbers and quantities — and these permeate the whole of life. For 
instance, commerce, which consists largely of the anthmetical opera- 
tions of book-keepmg, stock-takmg and so on, is m a sense a mathe- 
matical occupation — but it is not in this sense that the umverse now 
appears to be mathematical. 

Agam, every engmeer has to be somethmg of a mathematiaan, 
ff he is to calculate and predict the mechamcal behaviour of bodies 
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With acxuracy, he must use mathematical knowledge and look at his 
problems through mathematical spectacles — but again it is not m this 
way that saencc has begun to see the umvcrsc as mathematical The 
mathematics of the engineer diScrs from the mathematics of the 
shopkeeper only m bemg far more complex It is still a mere tool for 
calculation, instead of evaluatmg stock-in-trade or profits, it 
evaluates stresses and strains or electric currents 
On the other hand, Plutarch records that Plato used to say that 
God for ever geometnzes — JJXLrwv ^eye rbv 6ehv ae\ yecofierpelv — 
and he sets an imagmary symposium at work to discuss what Plato 
meant by this Clearly he meant something qmte different m kmd 
from what we mean when we say that the banker for ever anth- 
mctizes Among the lilustrattons given by Plutarch are' that Plato 
had said that geometry sets limits to what would otherwise be 
unhmited, and that he had stated that God had constructed the 
umverse on the basis of the five regular sohds — he beheved that the 
particles of earth, air, fire and water had the shapes of cubes, octa- 
hedra, tetrahedra and icosahedra, while the umverse itself was shaped 
like a dodecahedron To these may perhaps be added Plato’s behef 
that the distances of the sun, moon and planets were “m the propor- 
tion of the double mtervak,” by which he meant the sequence of 
mtegers which arc powen of cither 2 or 3 — namely 1 , 2, 3, 4, 8, 9, 27 
If any of these considerations retain any shred of vahdity today, it 
IS the first — the umvcnc of the theory of relativity is finite just 
because it is gcomctncal The idea that the four elements and the 
umvcrsc were m any way related to die five regular solids was, of 
course, mere fancy, and the true distances of the sun, moon and 
planets bear absolutely no relation to Plato’s numbers 
Two thousand years after Plato, Kepler spent much tone and 
energy m trying to relate the sizes of the planetary orbits to musical 
mters'als and gcomctncal constructions, perhaps he, too, hoped to 
discover that the orbits had been arranged by a musiaan or a geo- 
meter Indeed, at one time he beheved he had found that the ratios 
of the orbits were related to the geometry of the five regular sohds 
If this supposed fact had been knoivn to Plato, what a proof he might 
have seen m it of the gcometnzmg propensities of the deity' Kepler 
himself wrote “The intense pleasure I have received from tliis dis- 
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covery can never be told in words ” It need hardly be said that the 
great discovery was fallaaous Indeed, our modem imnds imme- 
diately dismiss It as ndiculous; we find it impossible to think of the 
solar system as a finished product, the same today as when it came 
firom the hand of its maker; we can only t h i nk of it as somethmg 
continually changing and evolving, working out its own future firom 
Its past. Yet if we can momentarily give a sufSciently medieval cast 
to our thoughts, and imagine an^^hmg so fmcifiil as that Kepler s 
conjecture should have been trac, it is clear that he would have been 
entitled to draw some sort of inference firom it. The mathematics 
which he had found in the umverse would have been something 
more than he had himself put in, and he could legitimately have 
argued that there was inherent m the umverse a mathematics addi- 
tional to that which he had used to unravel its design; he imght have 
argued, in anthropomorphic language, that his discovery suggested 
that the umverse had been designed by a geometer. And he need no 
more have troubled about the criticism that the mathematics he had 
discovered resided merely in his own mathematical spectacles, than 
the angler who catches a big fish by using a htde fish as bait need be 
worried by the comment. “Yes, but I saw you put the fish m 
yourself.” 

Let us take a more modem and less fimcifiil example of the same 
thing. Fifty years ago, when there was much discussion on the prob- 
lem of communicating with Mars, it was desired to notify the 
supposed Martians that thinking beings existed on the planet Earth, 
but the difficulty was to find a language imderstood by both parties 
The suggestion was made that the most suitable language was that 
of pure mathematics, it was proposed to hght chains of bonfires m 
the Sahara, to form a diagram illustrating the famous theorem of 
Pythagoras, that the squares on the two smaller sides of a nght-angled 
triangle are together equal to the square on the greatest side To most 
of the inhabitants of Mars such signals would convey no mea ni ng, 
but it was argued that mathematicians on Mars, if such existed, would 
surely recognize them as the handiwork of mathematicians on earth. 
In so domg, they would not be open to the reproach that they saw 
mathematics m everythmg And it seems to me that the situation is 
similar, mutatis mutandis, with the signals firom the outer world of 
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reality which form the shadows on the walls of the cave in which we 
arc impnsoned We cannot interpret these as shadows cast by hving 
actors nor as shadows cast by a machine, but the pure mathematiaan 
recognizes them as representing the kmd of ideas with which he is 
already famihar m his studies 

Wc could not, of course, draw any conclusion from this if the 
concepts of pure mathematics which we find to be inherent m the 
structure of the universe were merely part of, or had been introduced 
through, the concepts of apphed mathematics which we used to dis- 
cover the workings of the umverse It would prove nothing if nature 
had merely been found to act m accordance with the concepts of 
apphed mathematics, these concepts were spcaally and dehberately 
designed by man to fit the workings of nature Thus it may still be 
objected that even our pure mathematics does not m actual fact 
represent a creation of our own nunds so much as an effort, based on 
forgotten or subconsaous memones, to undentand the workmgs of 
nature If so, it is not surpnsmg that nature should be found to work 
accordmg to the laws of pure mathematics It cannot, of course, be 
domed that some of the concepts with which the pure mathematiaan 
works arc taken direct from his cxpcnence of nature An obvious 
instance is the concept of quantity, but this is so fundamental that it 
IS hard to imagme any scheme of nature from which it was entirely 
excluded Other concepts borrow at least something from experi- 
ence, for instance, muln-dimcnsional geometry, which clearly ongi- 
nated out of experience of the three dimensions of space If, however, 
the more intncate concepts of pure mathematics have been trans- 
planted from the workings of nature, they must have been buned 
very deep mdeed in our sub-consaous minds This very controversial 
possibihty IS one which cannot be entirely dismissed, but it is exceed- 
ingly hard to believe that such intncate concepts as a fimte curved 
space and an expanding space can have entered mto pure mathematics 
through any sort of unconsaous or sub-consaous cxpcnence of the 
workings of the actual umverse In any event, it can hardly be 
disputed that nature and our consaous mathematical rmnds work 
according to the same laws She docs not model her behaviour, so 
to speak, on that forced on us by our whims and passions, or on that 
of our muscles and joints, but on that of our thinking rmnds This 
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remains true whether our minds impress dieir laws on nature, or she 
impresses her laws on us, and provides a sufSaent justification for 
thinkmg of the universe as bemg a mathematical design Lapsmg 
back agam mto the crudely anthropomorphic language we have 
already used, we may say that we have already considered with dis- 
favour the possibihty of the umverse havmg been planned by a 
biologist or an engmccr; firom the intrinsic evidence of his creanon, 
the Great Architect of the Umverse now begins to appear as a pure 
mathematiaan 

Personally, I feel that this tram of thought may, very tentatively, 
be earned a stage further, although it is difficult to express it in exact 
words, agam because our mundane vocabular)' is circumscnbed by 
our mundane experience. The terrestrial pure mathematiaan docs 
not concern himself with matenal substance, but with pure thought. 
His creations are not only created by thought but consist of thought, 
just as the creations of the engmeer consist of engmes And the con- 
cepts which now prove to be fundamental to our imdcrstandmg of 
nature — a space which is finite, a space which is empty, so that one 
pomt differs fiom another solely m the properties of the space itself, 
four-dimensional, seven- and more dimensional spaces; a space which 
for ever expands; a sequence of events which follows foe laws of 
probabihty instead of the law of causation — or, alternately, a sequence 
of events which can only be fully and consistently desenbed by 
gomg outside space and time— all these concepts seem to my imnd 
to be structures of pure thought, mcapable of realization in any sense 
which would properly be desenbed as material. 

For instance, any one Who has written or lectured on the finiteness 
of space is accustomed to the objection that the concept of a finite 
space IS self-contradictory and nonsensical If space is finite, our 
ennes say, it must be possible to go out beyond this finite space, and 
what can we possibly find beyond it except more space, and so on 
od ni^inlKin?— which proves that space cannot be finite. And again, 
they say, if space is expanding, what can it possibly expand into, if 
not into more spaced — ^which agam proves that what is expanding 

can only be a part of space, so that the whole of space cannot 
expand. 

The twenticth-centuri’’ critics who make these comments are still 
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in the state of mind of the nineteenth-century saenosts, they take it 
for granted that the universe must admit of matenal representation 
If we grant their premisses, we must, I think, also grant their conclu- 
sion — that we are talkmg nonsense — ^for their logic is irrefutable. But 
modem saence cannot possibly grant their conclusion, it insists on 
the fimteness of space at all costs This, of course, means that we must 
deny the premisses which our cnocs unknowmgly assume The 
umverse cannot admit of material representation, and the reason, I 
think , IS that it has become a mere mental concept. 

It IS the same, I think, with other more techmcal concepts, typified 
by the “exclusion pnnaple,” which seem to imply a sort of “action- 
at-a-distance” m both space and time — as though every bit of the 
umverse knew what other distant bits were domg, and acted accord- 
mgly To my nund, the laws which nature obeys are less suggestive 
of those which a machme obeys m its motion than of those which a 
musxaan obeys in wntmg a fugue, or a poet m composmg a sonnet 
The motions of electrons and atoms do not resemble those of the 
parts of a locomotive so much as those of the dancers m a cotilhon. 
And if the “true essence of substances” is for ever unknowable, it 
does not matter whether the cotilhon is danced at a ball m real life, 
or on a cmematograph screen, or m a story of Boccacao If all this 
IS so, then the umverse can be best pictured, although stdl very 
imperfectly and madequatcly, as consisting of pure thought, the 
thought of what, for want of a wider word, we must desenbe as a 
mathematical thinker 

And so we are led mto the heart of the problem of the relation 
between imnd and matter Atormc disturbances m the distant sun 
cause It to emit hght and heat After “travclhng through the ether” 
for eight iiunutes, some of this radiation may fall on our eyes, causmg 
a disturbance on the retma, which travels along the optic nerve to 
the brain Here it is perceived as a sensation by the mind, this sets 
our thoughts m action and results m, let us say, poetic thoughts 
about the sunset There is a contmuous cham. A, B,C,D X, Y, Z, 
conncctmg A the poetic thought — through B the thinkmg nund, C 
the bram, D the optic nerve, and so on — with Z the atomic dis- 
turbance m the sun The thought A results from the distant disturb- 
ance Z, just as the nnging of a bell results from puUmg a distant 
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bell-rope We can understand bow pulling a matenal rope can cause 
a matenal bell to ring, because there is a matenal connexion all the 
way But it is far less easy to see how a disturbance of matenal atoms 
can cause a poetic thought to ongmate, because the two are so 
entirely dissimilar m nature 

For this reason, Descartes insisted that there could be no possible 
connexion between mind and matter. He beheved diey were two 
entirely distinct kmds of entity, the essence of matter being extension 
m space, and that of mmd bemg thought And this led him to mam- 
tam that there were two distinct worlds, one of mmd and one of 
matter, running, so to speak, mdependent courses on parallel rails 
without ever meeting. 

Berkeley and the ideahst philosophers agreed with Descartes that 
if min d and matter were fundamentally of different natures they 
could never interact. But they insisted that they continually do mter- 
act Therefore, they argued, matter must be of the same nature as 
mind, so that, in the terminology of Descartes, the essence of matter 
must be thought rather than extension Expressed m detail, their 
contention was that causes must be essentially of the same nature as 
then effects, if B on our cham produces A, then B must be of the 
same essential nature as A, and CssB, and so on. Thus Z also must 
be of the same essential nature as A Now the only links of the chain 
of which we have any direct knowledge are our own thoughts and 
sensations A, B, we know of the existence and nature of the remote 
links X, y, Z only by inference — ^from the effects they transmit to 
our minds through our senses. Berkeley, main tainin g that the un- 
known distant links X, F, Z must be of the same nature as the known 
near hnks A, B, argued that they must be of the nature of thoughts 
or ideas, “smee after all there is nothmg hke an idea except an idea ” 
A thought or idea cannot, however, exist without a mmd m which 
to exist. We may say an object exists m our min ds while we are 
consaous of it, but this will not account for its existence durmg the 
time we are not consaous of it The planet Pluto, for instance, was 
in existence long before any human mmd suspected it, and was 
recordmg its existence on photographic plates long before any human 
eye saw it Considerations such as these led Berkeley to postulate an 
Eternal Being, m whose mmd all objects existed. And so, m the 
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Stately and sonorous diction of a bygone age, he summed up Ins 
philosophy m the words — 

All the choir of heaven and furniture of earth, m a word all those bodies 
which compose the rmghty fiame of the world, have not any substance 
without the mind. So long as they arc not actually perceived by me, or 
do not exist m my mind, or that of any other created spmt, they must either 
have no existence at all, or else subsist m the mmd of some Eternal Spmt. 

Modem saence seems to me to lead, by a very diflferent road, to 
a not altogether dissimilar conclusion Biology, studymg the con- 
nexion between the earher links of the cham. A, B, C, D, seems to be 
movmg towards the conclusion that these are all of the same general 
nature This is occasionally stated m the specific form that, as biolo- 
gists beheve C, D to be mechamcal and material, A, B must also be 
mechamcal and matenal, but apparently there would be at least equal 
warrant for stating it m the form that as ^4, B are mental, C, D, must 
also be mental Physical saence, troubhng httle about C, D, proceeds 
directly to the far end of the cham, its busmess is to study the work- 
mgs of X, y, Z And, as it seems to me, its conclusions suggest that 
the end hnks of the chain, whether we go to the cosmos as a whole 
or to the innermost structure of the atom, are of the same nature as 
A, B — of the nature of pure thought, we are led to the conclusions 
of Berkeley, but we reach them fi:om the other end Because of this, 
we come upon the last of Berkeley’s three alternatives first, and the 
others appear imimportant by comparison It does not matter whe- 
ther objects “exist m my mmd, or that of any other created spmt” 
or not, their objccnvity arises from their subsistmg “m the mmd of 
some Eternal Spmt ” 

This may suggest thatweareproposmg to discard realism entirely, 
and enthrone a thoroughgomg idealism m its place Yet this, I thmk, 
would be too crude a statement of the situation If it is true that the 
“real essence of substances” is beyond our knowledge, then the Ime 
of demarcation between realism and idealism becomes very blurred 
indeed, it becomes httle more than a rehc of a past age m which 
reahty was beheved to be identical with mechanism Objective reah- 
ncs exist, because certain thmgs affect your consaousness and mmc 
in the same way, but we arc assummg somethmg we have no nght 
to assume if we label them as cither “real” or “ideal ” The true label 
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IS, I think, “mathematical,’' if we can agree tliat tins is to comiote the 
■whole of pure thought, and not merel'y die studies of the professional 
mathematiaan Such a label docs not imply an-ythmg as to what 
dungs arc m their ultimate essence, but merely somethmg as to how 
they behave 

The label we have selected docs not, of course, relegate matter 
into the category of hallucination or dreams The matenal umverse 
remains as substantial as ever it was, and this statement must, I think, 
remam true through all changes of scientific or philosophical thought. 

For substantiahty is a purely mental concept measurmg the direct 
effect of objects on our sense of touch We say that a stone or a 
motor car is substantial, while an echo or a rambow is not This is 
the ordinary defimtion of die word, and it is a mere absurdity, a 
contradiction m terms, to say that stones and motor cars can m any 
way become insubstantial, or even less substantial, because we now 
assoaate them with mathematical formula; and thoughts, or kinks m 
empty space, rather than -with crowds of hard particles Dr Johnson 
IS reported to have expressed his opmion on Berkeley’s philosophy 
by dashmg his foot against a stone, and saymg. “No, sir, I disprove 
It thus ’’ This htdc experiment had, of course, not the shghtcst bear- 
ing on the philosophical problem it claimed to solve; it merely 
verified the substantiahty of matter. And, however saence may pro- 
gress, stones must always remam substantial bodies, just because they 
and their class form the standard by which we define the quahty of 
substantiahty. 

It has been suggested that the lexicographer might really have dis- 
proved the Berkelcian philosophy if he had chanced to kick, not a 
stone but a hat, m which some small boy had surreptitiously placed 
a bnck, we are told that “the element of surprise is suffiaent warrant 
for external reahty,” and that “a second warrant is permanence "with 
— ^permanence m your o'wn memory, change m extemahty ’’ 
This, of course, merely disproves the sphpsist error of “aU tins is a 
creation of my ovra mmd, and exists m no other rrund,’’ but it is 
hard to do anythmg m hfe which does not disprove this The argu- 
tnent firom surprise, and from new knowledge m general, is power- 
less against the concept of a universal mmd of which your mmd and 
the mmd which surprises and that which is surpnsed, are umts 
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or even, excrescences Each mdividual bram cell cannot be acquainted 
■with all the thoughts which arc passing through the brain as a whole 

Yet the fact that we possess no absolute extraneous standard against 
which to measure substantiahty does not preclude our saying that 
two thmgs have the same degree, or different degrees, of substan- 
tiahty If I dash my foot against a stone m my dreams, I shall probably 
waken up with a pain m my foot, to discover that the stone of my 
dreams was hterally a creation of my mind and of mine alone, 
prompted by a nerve-impulse ongmatmg m my foot This stone 
may typify the category of hallucinations or dreams, it is clearly less 
substantial than that which Johnson kicked Creations of an mdivi- 
dual mmd may reasonably be called less substantial than creations of 
a mnversal mind A similar distinction must be made between the 
space we see m a dream and the space of everyday hfe, the latter, 
which IS the same for us all, is the space of the umversal min d It is 
the same with time, the time of wakmg hfe, which flows at the same 
even rate for us all, bemg the time of the umversal mmd Agam we 
may think of the laws to which phenomena conform m our wakmg 
hours, the laws of nature, as the laws of thought of a umversal mmd 
The uniformity of nature proclaims the self-consistency of this 
mmd 

This concept of the umverse as a world of pure thought throws a 
new hght on many of the situations we have encountered m our 
survey of modem physics We can now see how the ether, m which 
all the events of the umverse take place, could reduce to a mathe- 
matical abstraction, and become as abstract and as mathematical as 
parallels of latitude and mendians of longitude We can also see why 
energy, the fundamental entity of the umverse, had agam to be 
treated as a mathematical abstraction — the constant of mtegration of 
a differential equation. 

The same concept imphcs, of course, that the final trath about a 
phenomenon resides m the mathematical desenption of it, so long 
as there is no imperfection m this our knowledge of the phenomenon 
IS complete We go beyond the mathematical formula at our own 
risk, we may find a model or picture which helps us to understand 
It, but V. e have no nght to expect this, and our failure to find such a 
model or picture need not mdicate that cither our reasoning or our 
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knowledge is at fault The making of models or pictures to explain 
mathematical formulae and the phenomena they desenbe, is not a 
step towards, but a step away from, rcahty, it is like makmg graven 
images of a spint And it is as unreasonable to expect these vanous 
models to be consistent with one another as it would be to expect 
all the statues of Hermes, representing the god m aU his vaned acti- 
vities — as messenger, herald, musician, thief and so on — to look alike 
Some say that Hermes is the wmd, if so, all his attnbutes are wrapped 
up m his mathematical desenption, which is neither more nor less 
than the equation of motion of a compressible flmd. The mathe- 
mattaan will know how to pick out the different aspects of this 
equation which represent the conve)Tng and announcmg of messages, 
the creation of musical tones, the blowmg away of our papers, and 
so forth He will hardly need statues of Hermes to remind him of 
them, although, if he is to rely on statues, nothmg less than a whole 
row, all different, will suffice All the same, some mathematical physi- 
cists are still busdy at work making graven images of the concepts 
of the wavc-mcchamcs 


In bncf, a mathematical formula can never tell us what a thmg is, 
but only how it behaves; it can only speafy an object through its 
properties And these arc unlikely to comcide m toto with the 
properties of any smglc macroscopic object of our everyday life. 

This pomt of view bnngs us rchef from many of the difficulties 
and apparent mconsistenaes of present-day physics We need no 
longer discuss whether hght consists of particles or waves, we know 
all there is to be known about it if we have found a mathematical 


formula which accurately describes its behaviour, and we can think 
of It as either particles or waves accordmg to our mood and the 


convemence of the moment On our days of thinkmg of it as waves, 
we may if we please imagme an ether to transmit the waves, but this 
ether will vary from day to day, we have seen how it will vary each 
tune our speed of motion vanes In the same way, we need not dis- 
cuss whether the wave-system of a group of dectrons exists m a 
three-dimensional space, or m a many-dimensional space, or not at 
all It exists m a mathematical formula , this, and nothmg else, express- 
es the ultimate reahty, and we can picture it as representing waves m 
three, six or more dimensions whenever we so please We can also 
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interpret it as not representing waves at all, in so doing we shall be 
following Heisenberg and Dirac It is generally simplest to mterprct 
It as representing waves m a space havmg three dimensions for each 
electron, just as it is simplest to interpret the macroscopic umverse as 
an array of objects m three dimensions only, and its phenomena as 
an array of events m four dimensions, but none of these mterpreta- 
tions possesses any umque or absolute vahdity 
On this view, we need find no mystery m the nature of the rolling 
contact of our consaousness with the empty soap bubble we call 
space-time (p 80), for it reduces merely to a contact between mind 
and a creation of mmd — hke the readmg of a book, or hsterung to 
music It IS probably unnecessary to add that, on this view of thmgs, 
the apparent vastness and emptmess of the umverse, and our own 
insignificant size therem, need cause us neither bewilderment nor 
concern. We arc not terrified by the sizes of the structures which our 
own thoughts create, nor by those that others imagme and desenbe 
to us In Du Maimer’s story, Peter Ibbetson and the Duchess ofT owers 
contmued to build vast dream-palaces and dream-gardens of cver- 
mcreasing size, but felt no terror at the size of their mental creations 
The immensity of the umverse becomes a matter of satisfacuon rather 
than awe, we are auzens of no mean aty Agam, we need not puzzle 
over the fimteness of space , we feel no cunosity as to what hes beyond 
the four walls which bound our vision m a dream 
It IS the same with time, which, hke space, we must think of as of 
fimte extent. As we trace the stream of time backwards, we encounter 
many mdications that, after a long enough journey, we must come 
to Its source, a time before which the present umverse did not exist. 
Nature frowns upon perpetual motion machmes and it is d pnon very 
unlikely that her umverse will provide an example, on the grand 
scale, of the mcchamsm she abhors And a detailed consideration of 
nature confirms this The sacncc of thermodynamics explains how 
cverythmg m nature passes to its final state by a process which is 
designated the “mcreasc of entropy ” Entropy must for ever mcrease 
It cannot stand soil until it has mcreased so far that it can mcrease 
no further When tliis stage is reached, further progress ivill be impos- 
sible, and the umvene will be dead Thus, unless this whole branch 
of sacncc is wrong, nature permits herself, quite htcrally, only two 



INTO THE DEEP WATERS 


101 

alternatives, progress and death the only standing still she permits is 
in the stillness of the grave 

Some saentists, although not, I think, very many, would dissent 
from this last view. While tlicy do not dispute that the present stars 
are meltmg away mto radiation, they maintain that, somewhere out 
m the remote depths of space, this radiation may be reconsohdatmg 
Itself again into matter A new heaven and a new earth may, they 
suggest, be m process of bemg built, not out of the ashes of the old, 
but out of the radiation set free by the combustion of the old In this 
way they advocate what may be desenbed as a cyclic umverse, while 
It dies m one place the products of its death arc busy produemg new 
hfe in others. 

This concept of a c)'chc umverse is entirely at vanance with the 
well-established prmciple of the second law^ of thermodynamics, 
which teaches that entropy must for ever mcrcasc, and that cychc 
umverses are impossible m the same way, and for much the same 
reason, as perpetual motion machines are impossible That this law 
may fail under astronomical conditions of which we have no know- 
ledge IS certainly conceivable, although I imagme the majonty of 
senous saentists consider it very improbable There is, of course, no 
denymg that the concept of a cyclic umverse is far the more popular 
of the two Most men find the final dissolution of the umverse as 
distasteful a thought as the dissolution of then own personahty, and 
mans stnvmgs after personal immortahty have their macroscopic 
counterpart m these more 
able umverse 

The more orthodox sacntiBc view is that the entropy of the uni- 
verse must for ever increase to its final maximum value It has not 
yet reached this we should not be thinking about it if it had It is 
still maeasmg rapidly, and so must have had a begmmng, there must 
have been what we may desenbe as a “creation” at a time not 
infinitely remote 

If the umverse is a universe of thought, then its creation must have 
been an act of thought Indeed the fimteness of time and space almost 
compel us, of themselves, to picture the creation as an act of thought, 
the deterrmnation of the constants such as the radius of the umverse 
and the number of electrons it coiitamed imply drought, whose nch- 


sophisticated stnvmgs after an impensh- 
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ness IS measured by the immensity of these quantities Time and 
space, which form the setting for the thought, must have come into 
being as part of this act Primitive cosmologies pictured a creator 
working m space and time, forgmg sun, moon and stars out of already 
existent raw material Modem scientific theory compels us to think 
of the creator as workmg outside time and space, which are part of 
his creation, just as the artist is outside his canvas It accords with the 
conjecture of Augustme “Non m tempore, sed cum tempore, fimat 
Deus mundum ” Indeed, the doctrme dates back as far as Plato — 

Time and the heavens came mto being at the same instant, m order that, if 
they were ever to dissolve, they might be dissolved together Such was the 
mind and thought of God m the creation of time 

And yet, so htde do we understand tune that perhaps we ought to 
compare the whole of time to the act of creation, the matenahzation 
of the thought 

It may be objected that our whole argument is based on the 
assumption that the present mathematical mtcrprctation of the phy- 
sical world is m some way umquc, and will prove to be final To 
resume our metaphor, it may be said that to desenbe the rcahty as 
a game of chess is only a convement fiction other fictions might 
desenbe the motions of the shadows equally well The answer is that, 
so far as our present knowledge goes, other fictions would not des- 
enbe them so fiiUy, so simply, or so adequately The man who docs 
not play chess says “A piece of white wood, carved to look rather 
like a horse’s head stuck on a pedestal, was taken firom the bottom 
square next but one to the nght-hand comer and moved to 
and so on The chess-player says “White Kt to KB3,’’ and his 
ac^unt not only explains the move fully and bnefly, but also relates 
It to a larger scheme of dungs In saence, so long as our knowledge 
rema’^ mcomplete, the simplest explanation -cames conviction m 
proportion to its simphaty And it has ment beyond that of mere 
simphnty it has the highest probabihty of bemg the true explana- 
tion Thus' vhile it must be fully admitted that the mathematical 
explananon may prove neither to be final nor the simplest possible, 
we can unhesitatmgly say that it is the simplest and most complete so 
far found, so; that, relanve to our present knowledge, it has the 
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greatest chance of being the explanation which hes nearest to die 
truth 

Some readers may not assent to this, on the grounds that the present- 
day mathematical mterpretation of nature is hkely to prove a mere 
half-way house to a new mechamcal mterpretation Our modem 
mmds have, I think, a bias towards mechamcal mterpretations. Part 
may he due to our early saentific traimng; part perhaps to our con- 
tmually seemg everyday objects behavmg m a mechamcal way, so 
that a mechamcal explanation looks natural and is easily compre- 
hended Yet m a completely objective survey of the situation, die 
outstandmg fact would seem to be that mechames has already shot 
Its bolt and has failed dismally, on both the saentific and philosophical 
side If anythmg is destmed to replace mathematics, there would seem 
to be speaally long odds agamst it bang mechames 

It IS too often overlooked that we can only discuss these questions 
m terms of probabdines The man of saence is accustomed to the 
reproach that he changes his views all the time, with the accompany- 
ing imphcation that what he says need not be taken too senously 
It IS no true reproach diat m exploring the nver of knowledge he 
occasionally goes down a backv’ater instead of contmmng along die 
mam stream, no explorer can be sure that a backwater is such, and 
nothmg more, until he has been down it What is more senous, and 
beyond the control of the explorer, is diat the nver is a wmdmg one, 
flowmg now east, now west At one moment the explorer says “I 
am gomg downstream, and, as I am going towards the west, the 
ocean which is reahty seems most likely to he m the westerly direc- 
tion And later, when the nver has turned east, he says “It now 
looks as though reahty is m the east” No saentist who has hved 
through the last thirty years is hkely to be too dogmatic either as to 
the future course of the stream or as to die direction m which reahty 
hes‘ he knows from his own expenence how the nver not only for 
ever broadens but also repeatedly wands, and, after many disappomt- 
ments, he has given up thinkmg at every turn that he is at last m 
the presence of the 

murmurs and scents of the mfimte sea 
With this caution m nimd, it seems at least safe to say that the nver 
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of knowledge has made a sharp bend m the last few years Thirty 
years ago, we thought, or assumed, that wc were heading towards 
an ultimate reahty of a mechamcal kmd. It seemed to consist of a 
fortmtous jumble of atoms, which was destmed to perform mean- 
mgless dances for a time under the action of bhnd purposeless forces, 
and then fall hack to form a dead world Into this wholly mechamcal 
world, through the play of the same bhnd forces, life had stumbled 
by acadcnt One tmy comer at least, and possibly several tmy comers, 
of this umverse of atoms had chanced to become consaous for a 
tune, but was destined m the end, soil under the action of blind 
mechamcal forces, to be frozen out and again leave a lifeless world 
Today there is a wide measure of agreement, which on the physical 
side of saence approaches almost to unanimity, that the stream of 
knowledge is headmg towards a non-mechamcal reahty, the umverse 
begins to look more like a great thought than like a great machine 
Mmd no longer appears as an acadental mtmdcr into the realm of 
matter, we are beginning to suspect that wc ought rather to hail it as 
the creator and governor of the realm of matter — ^not, of course, our 
individual minds, but the mind m which the atoms out of which 
our mdividual mmds have grown exist as thoughts 
The new knowledge compels us to revise our hasty first impres- 
sions that wc had stumbled mto a umverse which cither did not 
concern itself with life or was actively hostile to life The old dualism 
of mmd and matter, which was mainly responsible for the supposed 
hosnhty, seems likely to disappear, not through matter becoming m 
any way more shadowy or insubstantial than heretofore, or through 
mmd becoming resolved mto a function of the worlong of matter, 
but through substantial matter rcsolvmg itself mto a creation and 
mamfestation of mmd We discover that the umverse shows 
evidence of a designmg or controUmg power that has somc- 
thmg m common with our own mdividual mmds — not, so far as we 
have discovered, emotion, morahty, or aesthetic apprcaation, but 
the tendency to think m the way which, for want of a better word, 
wc desenbe as mathematical And while much m it may be hostile 
to the matcnal appendages of life, much also is akm to the funda- 
mental acnviDcs of hfc, wc arc not so much strangers or mtruders 
m the umverse as wc at first thought Those mert atoms m the 
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pnmeval slimc which first began to foreshadow the attnbutes of life 
were putting themselves more, and not less, m accord with the 
fundamental nature of the umverse. 

So at least we are tempted to conjecture today, and yet who knows 
how many more times the stream of knowledge may turn on itself? 
And with this reflection before us, we may well conclude by addmg, 
what might well have been mterhned mto every paragraph, that 
cverythmg that has been said, and every conclusion that has been 
tentatively put forward, is quite frankly speculative and uncertam. 
We have tned to discuss whether present-day saence has anythmg 
to say on certam difficult questions, which are perhaps set for ever 
beyond the reach of human understandmg. We cannot claim to have 
discerned more than a very famtghmmcr of hght at the best, perhaps 
It was wholly illusory, for certainly we had to stram our eyes very 
hard to sec anythmg at all So tliat our mam contention can hardly 
be that the saence of today has a pronouncement to make, perhaps it 
ought rather to be that saence should leave oflf makmg pronounce- 
ments* the nver of knowledge has too often turned back on itself 
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CHAPTER ONE 


INTRODUCTION 

Z OOLOGY OR ANIMAL BiOLOGYis that branch ofsciencewhidi 
deals with animals About half a nulhon different sorts or speaes 
of animals have already been described and named, each breeding 
true to Its own speaal charactcnstics, each different from all others 
The number of fresh speaes discovered, desenbed and named every 
year is about two hundred, and this number is at present incrcasmg, 
not decreasmg, year by year. 

Animals inhabit sea, fresh water, land, and air, or they may hve on 
or in the bodies of other animals or plants Their range of size is 
enormous The malarial parasite is so small as easily to inhabit the 
intenor of a human red blood corpuscle, of which five milhon are 
normally contamed ma cubic millimetre ofblood , * while the sulphur- 
bottom whale (Balaeiioptera stilphttretts), the largest animal known, 
may reach a length of 95 feet and a weight of 147 tons, or nearly three 
times as much as most express engmes (Fig 92) Their shape is as 
vanous as their habits or their size. Some, like certain radiolana, form 
beautiful geometneal designs, others arc almost shapeless, like many 
parasites (Fig. 1) and sponges, some resemble plants (Fig. 69), still 
others, such as the nematode worms, look like long threads, let alone 
all those mnumerable shapes of bird and fish and mammal, crab and 
spider and mscct, that we all know. 

It IS obvious that any study of all these creatures, their structure 
and mode of workmg, their habits and their history, will soon give 
Rs an enormous body of facts winch wiU be overwhelming unless 
■wc classify them properly. Broadly speakmg, we want, first of all, to 
find out how a particular animal wmrks, considered as a piece ofhvmg 
Riechamsm, and to compare tlie ways of workmg of vanous animals 
That is animal physiology And secondly, we want to know all we 
can about the structural plan of ammals, to know how that structure 
develops, and to compare the structure of different ammals That is 
^RRnal morphology, the saence of form FmaUy, we wunt to under- 
stand, if possible, how and why it is that the different mdividuals and 
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speacs of animals are what they are — their history and as much as 
possible of the causes of that history That is the saencc of animal 
evolution and heredity, sometimes called genetics (although this 
term is often restncted to heredity alone) 

There remains the problem as to the fundamental difference 
between plants and animals Why do we call this organism a plant, 
this other organism an animal^ Most people would not hesitate, but 
would say that the animal moved while the plant did not, that the 
ammal was consaous while the plant was not, that the ammal 
devoured its food while the plant absorbed its nutriment from its 
surroundmgs None of these entena, however, is absolute Many 
aiumals, like coral polyps or sea squirts, are as rooted to the spot as 
most plants, while some undoubted plants move about He would 
be a very bold man who asserted that a sponge, an undoubted ammal. 




Fic 1 Parasinsm and recapitulation as illustrated by the Crustacean parasite 
Saccuhna (i) Sacculina developing inside a spider crab (Inachus) The 
mid-gut of the spider crab is shown, with the parasite overlying it (y2) it, 
bodj -rudiment of the parasite, r, its "roots," by which it sucks nutriment 
from the tissues of its host (ii) Development of Saccuhna (a) Earhest free 
swimmmg stage or Nauphus with three pairs of appendages In this stage it 
closely resembles the larvx of many other Crustacea (b) Later stage, in which 
It attaches itself to its host Cmacmficd) iCambndfc Natural History, iv, 1909 ) 
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possessed a higher level of consciousness than a mushroom or a 
wallflower, while many animal parasites absorb their food from the 
medium whicli bathes them 

As a matter of fact, the only vahd distmcuon between plants and 
ammals is concerned with the type of foodstuffs which they can 
utilize, AH organisms, plant or animal, need carbon, hydrogen, 
mtrogen, and oxygen to build the bulk of their bodies Green plants 
can, with the aid of sunhght, obtam carbon from the carbon dioxide 
of the air or water m which they hve They can obtam their hydrogen 
from water and salts, their oxygen directly from the air, their mtrogen 
from simple mineral salts hke mtrates In other words, the green plant 
can build up hvmg protoplasm from elements and the simplest 
compounds Every particle of hvmg matter added to a green plant 
means the creation of a new land of matenal combmation Animals, 
on the other hand, cannot achieve this synthesis They have to be 
provided with highly elaborate compounds, all of which m the long 
run owe their existence to the manufactunng powers of plants An 
animal cannot obtam its carbon from any compound less complex 
than a sugar, a starch, or a fat, for its mtrogen it must be provided 
with proteins, or at least with the constituent parts of proteins known , 
as armno-aads, which are aheady of considerable complexity. 
Ammals are m the long run always dependent upon green plants; 
they are, one might almost say, parasitic upon plants Green plants 
by the same token are parasitic upon the sun; they hve by steahng 
energy from his rays 

There are other plants besides green plants, fungi and bactena 
contam no chlorophyll Most fungi are as dependent as are animals 
upon the previous activities of other orgamsms, they can only hve 
where decay has provided them with raw matenals. But even so they 
are not so helpless as animals, and can obtam their food from less 
complex compounds 

Among the bactena are forms which show qmte extraordmary 
modes of nutntion The most mteresting are those which can directly 
fix and utilize the mtrogen of the air, a process for whose accomplish- 
ment man has to apply enormous stores of energy Others can utilize 
carbon dioxide as their source of carbon wi^out makmg use of 
chlorophyll Still others can hve without free oxygen, and obtam all 
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they want from chemical compounds However, the great bulk of 
the food cycle of the world starts with the activities of green plants, 
and all animals, all fungi and most bacteria are m a very real sense 
dependent upon the green plants’ chlorophylL 
This IS the basic distinction between animals and plants, and all the 
differences with which we are so famihar, between higher plants and 
higher animals, arc purely secondary The feet that green plants can 
obtam food from water and air, without special search, has led to 
their dcvclopmg great feeding sutfrccs — such as the leaves and the 
roots — m air and water respectively The fact that animals have to 
find their food ready-made has led to their dcvclopmg mouths and 
stomachs to catch and hold the food, and limbs to move from place 
to place m search of more The fret of locomotion has m its turn 
made necessary the development of sense organs and nervous system 
and brain. But all hinges on the first and most vital difference 
Even so, there are some types, among the simplest and smallest 
creatures, which share animal and plant characteristics, bemg able 
both to take m sohd food like a typical animal, and to build up food 
from simple morgamc substances like a green plant. Such examples 
only show the impossibihty of drawmg hard and frst hnes in Nature 
But these arc all gencrahtics, and m order to be able to deal properly 
with what IS general, we must have a good acquamtance with the par- 
ticular The best way of domg this will be to take a smgle speaes of 
animal and describe its structure and working m broad outhne For 
our purpose any one of the higher animals would really serve, but on 
account of the case with which it can be obtamed, its convement size, 
and the resemblance of its general structure and functions to those of 
man, we will take the frog as our mtroductory type, while man will 
be taken later to illustrate physiology m more detail 

T/ie General Anatomy and Physiology of the Frog 
At first rcadmg, the statement that frogs resemble men in any 
important degree may perhaps raise a smile It is nevertheless true 
We can recognize m the frog a great many parts that exist m ourselves, 
arranged moreover m the same way. A frog possesses a head, a trunk, 
and fore- and hmd-hmbs The nostrils, eyes, car drums and mouth arc 
arranged m the same relative positions as in our head If we look at 




(i) Skeletons of man and horse, with outline of the bodies, to shon thecorres 
pondence of general plan e, elbow , h, heel , k, knee , r, pch is , sh, shoulder 
blade, t, tad eertebra, w, wrist 



Photo^aph of skeletons of the small, ancestral horse Eohippus from the 
tocene, with four toes on the fore-foot, and of the Miocene horse H> pohippus, 
with three toes on each foot, the central toe the largest The later form shows 
considerable mcrease of size, and of relative length of limbs and neck 
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PLATE 3 




PLATE 4 
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The carl) deielopment of a tailed amphibian (Urodele) A, egg during the 
cli% ision into tn o cells , b, four cell stage , c, beginning of sixteen cell stage , 
D, E, later segmentation , F, blastula , o, neural folds bar e appeared (dorsal 
Mcw, head to r ) , ii, neural folds closmg, i, neural folds dosed to form 
neural tube (obhque dorsal \ien, head to r), j from the r side Head and 
tail sharpl) marked off from )olk mass TTie gill slits are seen in the neck 
region, themusclcsegmcntson the fore part of the trunk K, literstagc, from 
ther side and upside-down The tail has grown and has de\ eloped ventral 
and dorsal fins Tore and hind limb buds xasible, a oik mass relatircK 
smaller , three tufted gilts in the neck region L, a similar stage, from below 
In front of the gills in the middle Imc the mouth, with the eje rudiments 
just in front of It (Smallwood tfan, ll:r Animal 1922) 




PLATE 6 



(i) Micro photograph ( X ISO) of i section through the ov-ir> of a mammal 
(cat) At A., a medium sized oocyte (immature oimml surrounded bj a follicle 
one cell layer thick At B, a larger oocyte, its follicle has become several 
layers thick, and a cavitv contammg fluid has been formed in it In the 
oocytes at a and b the large nucleus can be seen At c, a a ery y oung oocy tc 
D, the edge of the o\ an , bounded by a layer of germinal epithelium (Photo 
by D A Kempson ) 



(ii) Section across the testis of a mammal (rat) Note that it is composed of 
a senes of little tubes rounded m cross section Their ualls are composed 
of guru cells (sperm producini: cells) Towards the centre may be seen npe 
sp rm their tails in the hollow of the tubes, their heads still mostly attached 
to cells in the walls Between the tub<-s may be seen small patches of inter 
stitial tissue (Photo b\ D \ Kempson ) 





PLATE 7 



(i) To illustrate the results of crossing two pure-brcd strains of fouls, splashed 
white and black Pi, the parents, F,, the first hibnd generation, all mdiiiduals 
of which are alike, of a bluish-black shade, F,, the second hibnd generation, 
dented b\ mating F, mditiduals together Segregation is here shown, there being 
on the aterage one-quarter splashed-w hite like the splashed white parent one 
quarter black like the black parent, and one half blue like the F, 



(u) A pair of identical twins (from Battle Creek, ^bch , L S A. ), 
who, although thet were separated at three tears of age and hate 
smee then alwavs bt ed apart, hat e still retained an e\tremelt close 
resemblance to each other, owing to then identical hereditart 
constitutions 
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Mitosis, as illustrated b\ the fertilized egp of the round ^\orm Ascarts tnfpalo 
cephala, from the intc-tine of the horse, which possesses* two pairs of chroino 
soine«, (From untouched micro photographs h> D A Kempson ) (a) Immature 
(unfertilized) egg with nucleus m * resting* phase (6) Fertilization has just 
occurred The nuclei of egg and sperm are approaching each other The chromo 
somC'i ha\c begun to app^'ar (spirciiu stage) (c) Side mcw of the equatorial 
plate stage of the first division of the fertilized egg Tlie spmdlc is elcarl> see n 
with the cenlro^ines and aslcr» at its two ends The chromosome?. ha\< 
irrangcd theni^rhcs round its equator (if) End new of the same stage Th» 
four chromosomes are clcarl\ visible 
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Embrjo chicks of about thirtj six hours' and four da>’s incubation 
respective!} Both x8 (a) has been stained and is photographed by 
transmitted light In at about sixteen muscle segments have been 
formed, the three mam divisions of the br ain are visible, with the 
ev e V esicles growing out from the fore bram The heart can be seen, 
together \vith a networJv of small blood vessels over the yolk in the 
outer region of the blastoderm (b) has not been stained and is photo- 
graphed as an opaque object by reflected light The amnion has been 
remov ed (small traces of it are left m the head region) The embryo 
rests on its left side, and the head has bent ov er The limb buds, giU- 
slits, and allantois can be seen The blastoderm in one place has 
rolled over, showing the wav the bloodvessels run on its lower 
surface, next to the yolk (Photos by D A Kempson ) 
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Right, an early human 
embrjo, 7 1 mm long, 
still enclosed m 
embrj'omc membranes 
The j olk-sac is below , 
connected with the 
embryo by the umbi 
heal stalk The embn, o 
lies inside the amnion, 
whose cavit\ it now 
nearly fills The chor- 
ion is outside, and from 
part of it project tufts 
containing blood-ves- 
sels, which constitute 
the embn omc part of 
the placenta The gill- 
slits are seen at the side 
of the neck, and the 
muscle segments arc 
marked oS b> Imes m 
the dorsal part of the 
trunk The limbs are 
present, but no fingers 
or toes have yet been 
formed, although traces 
of the mam joints arc 
begmnmg to be visible 






Left, same embr>’o with its 
yolk-sac, removed from the 
embryonic membranes The 
gill shts, muscle segments 
and limbs are again well 
showm, m addition, a promi- 
nent tail IS seen (From photos 
by W Chesterman, Depart 
ment of Human Anatomi , 
Oxford ) 


t 
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PLATE 12 



T^\o examples of Phagocytosis by human white blood cells In (a) are seen one 
uhite and three red blood corpuscles The white corpuscle has a large nucleus in 
three parts, and has ingested a number of Micrococcus pyogenes aureus, the 
common bacterium of boils, abscesses, etc (b) is a micro-photograph showing 
white blood corpuscles ^^hlch ha\e ingested large numbers of foreign particles 
(sheep red blood corpuscles) mth which they have been mcubated 





PLATE 13 



(i) T^\o individuals of the same age from the same batch of frog’s eggs The 
one on the right is the control, and has metamorphosed normally mto a frog 
The one on the left had the ^\holc rudiment of its thjToid remo\ed, has not 
de\ eloped legs, has not metamorphosed, and has grown to a sire much greater 
than that normally found in tadpoles of tins species 



(ii) Two e\penments m graftmg m tadpoles (11 The front half of an embrj'o 
of one American species of frog {Rana sylvatica) has been cut ofi and grafted 
en hind half of another, lighter-coloured species (Rana palustris) 

h compound animal (chimrera) grows quite normally The lateral Ime, 
which ongmates near the head, has grown down from the sylvatica component 
on to the palustris trunk Compound mdividuals like this have been reared 
through metamorphosis (3 and 4) The front part of a sylvatica embrvo has 
ocen grafted on to the back of a palustris embryo this combination also has 
contmued development The sylvatica lateral Ime (below st), on reachmg the 
palustris component, has bent round i ito correct position 
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PLATE 15 



(i) A microscopic section (longitudinal) through a regenerating leg of i 
salamander larva The cut was made at the level joining the line from x and 
the nght-hand Ime from uhn Biz, undifferentiated cells first produced at the 
cut surface, E, epidermis (with pigment below it onlv m non-regenerated 
part), H, cartilage of onginal humerus, with mcipient bone formation at its 
edges, M, muscle. A', nerv'e, tiKii, regenerated cartilage, differentiated out 
of cells like Biz, x, region w here old cartilage is dedifferentiated 



A B 

' X-rav photographs of the hand of a bo> m whose third finger the basal 
nt became diseased , it was removed and a piece of health) bone wnth its 
le-formmg membrane (penost) grafted m trom another situation Si\ 
rs old, immediatel) after the operation, the grafted piece of bone (\) is of 
rregular shape (b) Two >ears later (the position of the hand is reversed), 
grafted piece has become moulded mto a very good imitation of the ongmal 
jomt (After Timann ) 



PLATE 16 



<1 *jrrj 



“ 1 ' 


A 

The courtship display of the Argus pheasant {Argitstanus argus) (a) The cock 
Argus pheasant m ordinary attitude (b) The hen interested m the display of 
the (jock The cock has spread his mngs and thronn them upwards and 
fom rds, displaying the beautifully shaped eye spots on the wing quills The 
tail n'eamvhile is jerked up and down, it is seen to the nght The head of the 
cock almost concealed by the wmgs However, just above the lower part of 
the lefAwing is seen a white spot, with a grey patch a httle way to its right 
The white spot is part of the beak, the grej patch part of the cheek Between 
them there can just be distmguished the burd’s left eye, looking out to see the 
effect oil the display upon the hen She is much smaller than the cock, and 
lacks th^ beautiful wang and tail plumes (From photographs taken at the 
London Zoological Gardens by Mr D Seth Smith ) 


PLATE 17 



(i) Pelagic larva (zoaca) of a crab {Porcdlaita) Note the iiioniious lutcrior 
spine (rostrum), for increasing friction and preventing rapid sinking, also the 
abdomen not vet bent up under the thora\, thus recapitulating the ancestral 
condition at', at', first and second antenna:, mxp', m\p', first and second 
mavillipcds (used for swimmmg at this staec, though for feeding m the adult) , 
ih, rudiments of the five pairs of legs (MacBnde, Textbook of Fmbnnhsx , 

\ olumc I, 1914 ) 



(u) A small flat fish [Rhoinbotdtchthys) on fine and coarse sandv gravel The 
fish adapts itself to the back^und bv changmg its pattern 
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(i) Protecti\ e resemblance Four specimens of the Crustacean Hvema proteus on 
the seaweed Halxmeda The resemblance is sinking, both in form and colour 
(From Hesse Doflem, Txerbau und Tterlebeii, 11, Teubner, Leipzig and Berlin ) 


"■ ' * (n) A lantern bug (Laternana 

lucxfera) with extraordinary resem 
blance of the expanded front region 
of the head to a small crocodile’s 
^*^*“^** head Many lantern bugs have this 

• ^ antenor prolongation of the head In 

[, ’ (> » this case the resemblance to a 

crocodile has been brought about by 
HI black patches simulating nostnl and 

Hi eye (with white patch simulatmgre 

ff 2*4£:jr»N. H 7 flection of hght), the "eye” on a 

tKh projection as m a crocodile The line 

J®"'® clearly indicated, and 
' whitish triangles, which actually 
protrude somew hat from the surface, 
closely simulate teeth The insect’s 
own eye is seen behind the angle of 
the apparent "Jaw ’’ Ithasplausibly 
*" I’cen suggested that this resem 

\ ^6^- V., ^5 blance is of service to the insect in 

\ ‘ scaring away' small insectnorous 

— t_y 1 . i.r_ -ther possible function has been assigned to it, and In any 

ance is very remarkable (Photograph by A Robinson ) 
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Mirmcrj' and protecti\e resemblance m the East African grasshopper 
Euncorpha \\Tien full grown [A) the animal is large and green, and 
readily escapes detection among the leaves on which it lives l\^en j oung 
(B) It closelv resembles an ant, and the long antenn® are so thin as to be 
\Tsible with di£Bcult> in nature , it e\ en possesses two pale patches on the 
sides of Its abdomen (EL which gii-e it the appearance of possessing 
a “waist" like an ant 0) shows three young Ian’® (1) vnth specimens 
of two kmds of ants (2 and 3) In this stage, the young grasshopper’s 
behaviour is like that of an ant, and it runs about among the ants m a 
restless way The full grown anunal, on the contrar> , spends most of its 
time without moi’ing \\Tiile mowing up (C) the anunal is mtermediate , 
It tnes to escape its enemies by hiding or b> “sha mmin g dead ” (From 
Hesse-Doflem, Tterbau und TierJeben, II, Teubner, Leipzig and Berhn ) 



PLATE 20 




(ui) Skeletons of the extinct Dinosaur Diplodocus and of a man The brain of 
Diplodocus was a good deal smaller than the enlargement m the spmal cord 
opposite the hmd limb 











PLATE 22 









Restorations (by Professor J H McGregor) of three stages in the evolution of man On left, Pithecanthropi^ erectus, mtermediate 
in brain size and protnismn of jaws between man and apes In centre, Neanderthal man {Homo neanderthalensis), the extinct 
specif of found in Europe in early Palceolithic times This species still retains primitive characters such as low cranium 
ver> large brow ndges, heaiy^ teeth, poorly developed chm On nght, Cro magnon man, a race of Homo sapiens or modem man 
which succeeded Neanderthal man in Europe m the late Palnoolithic penod 
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the skeletons of man and frog, we shall find that both possess a skull, a 
backbone consistmg of separate jointed pieces or vertebrx, the same 
type of hmb bones, the same l^d of teeth If we dissect them, we 
shall in both discover red blood, a heart m the front of the trunk and 
on the ventral surfrce, a hver, a pair of bdneys, a spleen, a nerve cord 
within the backbone, and a great many other organs which have a 
famil y likeness to each other, and are to be found m similar positions 
m the bodies of the two organisms The same plan is also found in 
the horse (Plate 1 (i) and Figs 2, 5, for Plates see p. 128). 

But if we had chosen a crayfish, say, as our type, these corres- 
pondences would not have been there. A crayfish possesses not two 
but nineteen pairs of limbs. It has no backbone, but grows its skeleton 
on the outside. It has a heart, but it is m the centre of the body, and 
towards the back or dorsal side, its blood is nearly colourless; it has 
no nostrils or ear-drums, no spleen; the nerve cord runs down its 
ventral side instead of along its bach, its kidneys are m its head — m 
fact, it IS difficult to find any pomt m which its plan of structure closely 
resembles that of man (Plate 2). 

We shall come back to this question of the resemblances and differ- 
ences between animals. Now we must return to the frog, and ask our- 
selves what It does and how it does it. 

Like other animals, the frog eats; it breathes, it must get nd of 
waste; it must move m order to procure its food or to escape its 
enemies or to find its mate; changes m the outer world affect it, there 
must be some means by which the parts of its body can be made to 
act together as a whole, instead of merely as a number of separate 
parts, and finally, it reproduces its kind. 

Why does the frog, or mdecd any other animal, require food? It 
requires it for two mam reasons First, the frog is domg physical work 
every tunc it moves, to do work it needs some source of energy, and, 
as a matter of fact, it obtains this energy by the oxidation or slow 
combustion of some of the substances contam^d m its food Secondly, 
the substance out of wbch it is made is aU the time slowly weanng 
out or breaking down, and needs to be repaired continually by other 
substances out of the food. The hvmg machmc thus bums part of its 
food for fuel, and uses other parts for repairs. 

The frog feeds on worms, small snails and slugs, msects, and other 

M S T — 
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small animals It seizes them with its tongue, which is 
attached at the front instead of at the back, and can be sudi 
out of the mouth Once m the mouth, the prey is held no 
the teeth, which are small, all ahke m shape, and only to I 
on the upper side of the mouth,* but also by the eyeballs, 
unlike our own, can be brought nght down mto the cavit) 
mouth At the back of the mouth the prey is forced into the o 


c& 
oa I 



Fig 2 General anatomy and artenes of a male frog (veins omitted) a, 
stomach, b, nostril, c, small mtestme, cjn, artery to gut, cjt, artery to skm, 
d, large mtestme (rectum), d a, dorsal aorta,/ dugh bone (femur), h, spleen, 
b a, artery to hver, (, lung, m, testis, o, kidney, p a, artery to lung, r, hip girdle, 
s, breast bone, s a, artery to fore-hmb, s c, artery to hmd-hmb, /, tongue, t a, 
truncus, v, ventricle, 1, 2, and 3, mam artenes (artcnal arches), spnngmg from 
tnmeus — 1, to head, 2, to hrabs, trunk, and mam organs, 3, to lungs and skm 
(Marshall, The Frog, 1923 ) 

if a narrow tube, the gullet, which leads down into the sac-hke 
omach Once any sohd object is inside the gullet, this contracts auto- 
atically m a senes of waves, dnving the object downwards and mto 
estomach, Outofthefarend of the stomach opens a coiled narrow 
)e, the small mtestme, but the openmg can be closed by a rmg of 
scle called a sphmeter, and as a matter of fact the prey is kept m 
closed stomach for some time Durmg this time it is exposed to 
iction of a jmcc, the gastncjmcc, which is manufactured by the 
. of the stomadi. and as a result it becomes largely dissolved 

• It poiscssc* teeth not only on the upper Jaw, hot aho oc the roof of the 
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When It IS reduced to a pulpy broth, it is passed on to the intestine. 

Into the begmmng of ^e intestine there opens a very small tube or 
duct This is the bile duct, which leads from the hver, a very large 
brownish organ divided mto several lobes; the bile, which is produced 
by the hver, is a green flmd, and is stored until wanted m a round 
vessel, the gaU bladder, connected vuth the bile duct. From the pan- 
creas, a small pmkish-white organ, a number of still smaller tubes run 
to open mto the bile duct The bile and pancreaticjmce, together with 
a juice denved from the mtestme itself, complete the work begun m 
the stomach, until finally all of the food that is available for the use 
of the body is dissolved It can now be passed through the hvmg wall 
of the mtestme into the blood and so distnbuted to the rest of the 
body. 

The process of rendermg the food soluble is what we call digestion 
This is completed m the first part of the small mtestme, while absorp- 
tion takes place m the remammg parts When all the absorption that 
IS possible has taken place, there still remains some residue, mdigestible 
and useless to the animal This is called the fscces;* it passes from the 
small mtestme mto the broader and shorter large mtestme or rectum; 
here it is consohdated mto pellets, and is eventually passed out 
between the frog’s legs at the openmg of the cloaca, from the Latm 
word for a sewer 

There is thus a tube, the digestive tube, runnmg from mouth to 
doaca. Its cavity is open to the extenor at both ends, and so is, m a 
certam sense, not inside the frog at all Digestion is simply the process 
of tummg the food mto a condition when it can be passed, by absorp- 
tion, mto the real mtenor of the body. It would be perfeedy possible 
for an organism to absorb food over the whole surface of its body, 
and, as wc shall sec later, some animals do so. But m a creature hke 
the frog It IS obviously important that the part of it which is direcdy 
exposed to the outer world should aa as a protective covermg 
Accordmgly we have the external surface covered by the protecting 
skm, while the duties of digestion and absorption, which demand 
more dehcate tissues, are earned out by an mtemal surface, the Immg 
of the gut 

The stomach and mtestme he m a space, the general body cavity or 

• Often popularly miscalled ezertia. 
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coelom, they are kept m place withm it by a dehcate fold of mem- 
brane, the mesentery, which connects them with the dorsal side of 
the body cavity (Fig 3) In this membrane may be seen a large num- 
ber of red tubes — blood-vessels conveying the red stream of blood, 
always m the same direction m any one tube On the gut itself a 
meshwork of very small vessels can be seen, as a matter of&ct their 



Fic 3 Section across the hinder end of the tmnk 
in a female frog The abdominal organs (G, gut. 

Of/, ovary, od, oviduct) protruded into the mam 
body-cavity or coelom (Coe), which contains a 
colourless flmd The lining of the coelom (or 
pentoneum) is dotted, the gut is suspended in the 
coelom by the mesentery, a double fold of pen- 
toneum K, the kidneys, protnidmg shghtly into the 
coclotru 5, Ds, Ls, Vs, lymph spaces, Ao, aorta, V, a 
vertebra, in which is r unning the nerve cord, NC, 

N, spinal nerves The body-wall is composed of 
sfcm, lymph-space, muscles (shaded), and outer 
linin g of coelom 

smallest microscopic branches, or capiUancs as they are called, come 
mto dose connexion with the lining of the digestive tube, and the 
dissolved food substances are passed through their walls mto the blood. 
The smaH brmches can be seen to umte mto larger, and these into 
larger still, unnl finally the whole of the blood fixim the gut is seen to 
pass mto the hver by a smgle vessel (Fig 23) 
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Before we pursue the fate of the blood m the hver, we must con- 
sider the general plan and workmg of the blood system The web of 
a frog’s foot or ^e tail of a tadpole is transparent enough for us to 
see Its blood-vessels under the microscope. We see sohd particles, the 
blood corpuscles, burned along withm these vanous sized tubes m a 
stream whose motion is always m one direction, and takes place by 
jerks The blood-vessels are branched, and m some of them the blood 
passes from large trunks to smaller and smaller branches, m others 
from the s mall branches to the mam trunks The former sort of vessel 
IS generally called an artery, the latter a vem If a frog is dissected, 
most of the large tr unks are found to end m the heart, if this is opened. 
It IS found to be nothing more nor less than a hollow bag of muscle, 
divided mto several chambers As we shall see, it is so constructed that 
when the muscles contract, or m other words the heart beats, the 
blood is driven through it, always m the same direction, owmg to 
the arrangement of valves within it From what we said above, it is 
clear that the blood leavmg the heart will pass mto the mam artenes, 
and that blood will be pushed in from the mam vems to take its place 
The blood moves mjerks because of the successive beats of the heart, 
and the net result of the workmg of the system is that blood is con- 
tinually arculating from the capiUanes to the heart and back agam. 
This simple fret of the blood’s circulation, although at the bottom of 
any real knowledge of physiology, was not chscovered until the early 
seventeenth century, by WiUiam Harvey (Figs. 23, 24) 

There are three pairs of artenes leaving the frog’s heart. One divides 
mto branches supplying the mouth, head, and bram The next pair is 
the largest, the two members of the pair umte to a common trunk 
nimung along the back, and called the dorsal aorta. This pair sends 
branches to both hmbs, to the digestive system and all other mtemal 
organs, and to the muscles of the body. The third pair sends one 
branch to the lungs and another to the skin. The three pairs between 
them supply blood from the heart directly or mdirecdy to every 
organ of the body (Fig 2). 

In the organs, the smallest branches of the artenes divide mto capil- 
lanes and the blood is dnven on from these mto the small veins The 
system of veins is more compheated than that of the artenes The 
blood from the head, fore-limbs, skm, and lungs passes directly to the 
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heart, but that from other parts travels a more comphcatcd route. 
The blood firom the capillanes of the digestive system, as we saw, 
passes into the hver m a large van In the hver, this branches and forms 
capillanes again, new veins arc once more formed from these, and the 
blood only reaches the heart after havmg passed through two sets of 
capillanes instead of one Such a vcm is called portal, and we have 
thus the portal vcm of the hver There is also m the frog (but not m 
man) a portal vem of the kidneys, which leads most of the blood from 
the capillanes of the hmd limbs to a second set of capillanes m the 
kidneys 

The hvmg tissues of every part of the body are thus m contaa with 
capillary blood-vessels, and these have such thin walls that soluble 
substances can diffuse through them from the slow-movmg blood m 
them to the tissues or from the tissues to the blood Smee the capillanes 
arc all part of the smglc blood system, and the blood is always m circu- 
lation, It follows that substances from any part of the body can be 
transported to any other part The blood system is thus, among other 
thmgs, the body’s system of distnbuaon and exchange It plays 
roughly the same part m the body of a frog or a man as is played m a 
modem nation by the traffic of railways, roads and canals, ihe markets 
and retail tradesmen, the last-named bemg represented by the capil- 
lanes 

What IS It that the blood distnbutes^ In the first place, food The 
dissolved food from the gut is taken to the hver, this acts as a sort of 
warehouse and refinery Some surplus food is stored there to be dis- 
tnbuted gradually as needed, and other food substances are chemically 
changed by its action 

The next substance to be distnbuted is oxygen It is obvious that 
energy is needed for carrying out movements, and as a matter of fact 
It IS provided by the combmation of oxygen with substances m the 
musdes , the more muscular work is done, the more oxygen is needed, 
the beam, too, is very sensitive to lack of oxygen, mdeed we can say 
that the general processes of life m higher animals are only possible 
as a result of steady oxidation 

Oxy'gen is a gas For it to pass mto the blood there is needed a moist 
membrane, very thm, with oxygen on the one side and capillanes on 
the other Since oxy'gen exists m the air, it would be possible for the 
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skin to be utilized, as such a membrane, and this does actually happen 
m the frog Its skm is very richly supphed with blood-vessels, and is 
always moist As a result, frogs can only hve m damp places Higher 
organisms, such as ourselves, have a stronger skm, and one which is 
dry They can, therefore, hve m more vaned surroundmgs, but can 
no longer use their skin for absorbmg oxygen 

The frog, however, does not rely entirely on its skm, and it also 
possesses lungs, which can best be thought of as an mtemal surface 
speaaUy designed for exchange of gases between blood and air The 
lungs m both frog and man are a pair of spongy thm-walled bags 
divided up mto a great number of compartments (and so providmg 
a great deal of surface) m whose walls run very many blood-vessels 
They are put mto co mmuni cation with tlie air by means of a tube, 
the wmd-pipe or trachea, which opens mto the back of the mouth 
cavity just m front of the gullet In ourselves, air is sucked mto and 
forced out of the lungs mainly by the movements of the chest and 
diaphragm, to whose walls the lungs are attached But m the frog, 
air IS sucked mto the mouth through the nostrils, and then forced 
down mto the Itmgs by contraction of the muscles of the throat, the 
nostrils bemg at the same time closed, it is dnven out agam by the 
elasticity of the lungs themselves The frog has no diaphragm The 
difference between our method and the frog’s is like that between a 
suction pump and a force pump 

The oxygen passes mto the blood system through lungs and skm, 
and, like the food, is distnbuted by the drculatmg blood to all parts 
of the body Here it enters mto combination with vanous constituents 
ofthehvmg substance, and, as a final result of these chemical processes, 
waste products are produced, which damage the orgamsm if they 
accumulate, and must be got nd of The most important of these end 
products of life’s activity are carbon dioxide (CO2), water (H2O), 
and urea (NjH^CO) , and the process of nddmg the body of such sub- 
stances IS called excretion Carbon dioxide is a gas, and its excretion 
can and does take place through the same membranes, of lungs and 
skm, which serve for the mtake of oxygen Urea, however, and any 
surplus salts, are not gaseous and so can best be excreted m solution * 


^ removed from any share In the processes of life by being rendered 
This occurs, for example, in lobsters and crabs, where some waste substances are 
aeposlted In the shell, and got rid of at moulting 
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The chief organs which remove substances from the blood m solution 
are the kidneys In the frog, these are found at the back of the codom 
(Hgs 2, 3) They consist of a great number of imcroscopic tubes, 
twisted together, and nchly supphed with blood. The tubes eventually 
all open mto a large draining tube, or duct, which runs backward and 
opens into the doaca. Surplus urea and salts, together with water, are 
taken up from the blood by the httle tubes, and the resultmg fluid or 
unne is drained out along the duct (Fig 29) 

Just opposite the openings of the ducts mto the doaca is another 
opemng, that of the bladder, which is thin walled and muscular, and 
hes on the front of the large mtestmc. This is simply used to store the 
urmc until a considerable amount has accumulated, when it is passed 
out of the doaca. 

Finally, not all the surplus water is excreted by the kidneys, some 
IS got nd of in the form of water vapour by lungs and skm 

The whole of the chenucal processes going on m an organism are 
known collectively as its metabolism This consists partly of the build- 
mg up of the soluble food materials mto very complex coUoid mole- 
cules, of which the hvmg framework consists, partly in the break- 
down and wastage of this framework, partly m the breakdown of 
the simpler substances which act as fiid for energy production 

If we now turn back for a moment to the blood system, and con- 
sider Its detailed arrangement, we shall see that this can be understood 
m relation to metabolism. It will be easier to illustrate this from the 
blood system of man, which is m some ways both simpler and more 
efficient Here the heart consists of two separate halves, a nght and a 
left, each consistmg of a thm-walled chamber or aundc openmg mto 
a thicker-walled ventnde The veins enter the aundes, the arteries 
leave the ventricles, and there exist flaps of membrane which act as 
valves and only allow the blood to pass m the one direction The only 
veins which enter the left aundc come from the lungs, they therefore 
contam blood nch m oxygen and poor m carbon dioxide In this con- 
diuon blood is called arterial From the left aundc it passes on mto 
the left ventricle, and thence mto the mam artery or aorta, whose 
branches carry blood to all the organs with the smglc exception of 
the lungs In the capiUanes of the organs, the hvmg tissues take the 
oxygen they need from the blood, and discharge mto it the carbon 
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dioxide they have produced. The resultant blood, poor m oxygen but 
nch m carbon dioxide and other waste products, and called venous 
blood, is collected in the veins, and is sucked into die nght auncle 
Thence it is pumped mto the nght ventricle, and so through an arter)' 
to the lungs. The way in which the system of pump and tubes is con- 
structed thus ensures that all blood which has given away oxygen to 
the organs of the body shall go to the lungs, to be charged agam with 
oxygen and to be nd of carbon dioxide, before gomg out once more 
to any of the other organs The portal vem takes all the blood from 
the digestive system to the hvcr so that the surplus food matenals may 
be there dealt with at once before gomg to the rest of the tissues; the 
hver is thus m one respect hke a central storehouse from which certain 
foodstuff are rationed to the rest of the body as required (Fig. 23). 

In the frog the plan of the blood system is shghdy different Both 
auncles open mto one smgle ventnde, so that some mixmg of venous 
and arterial blood takes place From the ventnde sprmgs a tubular 
part of the heart, or tnuiais, not found m man The position of the 
aperture from ventnde to truncus, and the valves inside the truncus, 
are so arranged, however, that the most artenal blood passes mto the 
artery leadmg to the head, the mixed blood mto that supplymg the 
limbs and body, the most venous blood into that leadmg to the lungs 
Thus the bram gets the blood nchest m oxygen, and most, but not all, 
of the venous blood is taken to the limgs before agam gomg to body 
or head. 

The blood system, however, is not only concerned with transport. 
Organisms are freed with the problem of co-ordmation. and the 
blood system provides one method of dealmg with this. The problem 
IS this given a number of organs, such as heart, lungs, limbs, stomach, 
kidneys, bram— how to ensure that they shall work together for the 
good of the organism, and not simply pursue their own activities 
mdependently of each other — ^how, m other words, to convert a mob 
mto an army 

The way m which the pancreas is made to secrete its digestivejmce 
at the nght time, and only at the nght time, wih provide us a 
good example of co-ordmanon through the blood stream. The pan- 
creas IS usually macuve; but the passage of food from the stomach into 
the intestme is known to be followed by a secretion of pancreatic 
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juice which is poured down the duct to help digest the food. How is 
this done? When the food passes into the intestine, it stimulates the 
intestine chemically, causmg it to secrete a speaal substance from its 
lining, this passes mto the blood, circulates through the whole body, 
but, though It exerts no efiect on most organs, stimulates the pancreas 
(and probably the hvcr) to activity This substance is called "secrctm ” 
It can be artifiaaUy extracted from the hning of the mtestme and will 
then, if mjectcd, cause the pancreas to secrete Such “chemical 
messengers” are called homones, and the blood provides the channel 
by which they exert their chemical co-ordmanon between parts of 
the body As they are secreted mto the blood, and not down a duct 
on to some foec surface, they arc mcluded under the term internal 
secretions 

Other mtemal secretions regulate growth and metabolism, prevent 
one organ from growit^ disproportionately to the rest, or have a say 
m the rate at which the vanous chemical processes of life shall work 
A substance secreted by the pitmtary, for instance, which is a small 
gland at the base of the bram, influences the growth of bone If too 
much of It IS present m youth the bones grow excessively, and giants 
are the result Another substance secreted by the same gland causes 
frogs to become darker m colour The thyroid gland is situated m the 
neck region of vertebrates Its secretion influences the rate at which 
their metabolism goes on, with most mammals, too much makes 
them nervous and exatable, too httlc leaves them sluggish The 
adrenals, the parathyroids, the pancreas, the reproductive organs, 
and probably other organs also produce internal secretions 

Finally, the blood helps m the defence of the body If proteins 
which are not normally found m a certam organism are mjected mto 
It, they are preapitated or broken down mto simpler substances Not 
only that, but if they are mjectcd a second time after a proper mterval, 
tliey can be destroyed more rapidly and m greater quantity Bactena, 
many of which, if they could hve m the tissues or the blood, would 
give nse to diseases, contam such foreign proteins, and m nature it is 
chiefly bacteru which arc thus destroyed if they obtain an entrance 
mto the tissues Famihar examples of the utilization of this property 
are vaccination, preventive moculation for typhoid, and the ana toxm 
treatment of diphtheria 
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The blood is thus the great distnbutor, it distnbutes die raw 
matenals of hfe, its waste products, the chemical substances concerned 
m co-ordmaoon and regiation, and those which help m the protec- 
tion against disease It is a middle-man between each hving part of 
the body and every other, and its circulation, begun in the first weeks 
of hfe, must contmue uninterruptedly if hfe is to be mamtamed The 
only rest which the heart can have is between each beat and the next 
There is m the frog, as m man, another set of spaces filled with 
fluid which are arculatory m function These are the lymphatics 
(Fig 25) Into them any surplus flmd which has passed firom the 
blood mto the tissues is drained out, and this fluid, for reasons we 
shall see later, is not red but colourless In man the lymphatics start 
as small irregular spaces, which umte and eventually dram mto one 
of the large vems In the fi^og, however, the small lymph spaces umte 
mto very large lymph sacs, the biggest of which, filled with clear 
fluid lymph, he between the skm and the muscles of the body wall 
To pass lymph firom these mto the vems, speaal lymph hearts exist 
— two pairs of small muscular sacs pumpmg after the fashion of the 
true heart The famt pulsation of one pair of these can be seen m hfe, 
just antenor to the cloaca, on the dorsal surface between the backbone 
and the hip bones the other pau is below the shoulder-blades 
The frog can move fi'om place to place, and speaal organs are 
needed for movement as for digestion and orculation The actual 
parts of the frog by which movement is efieaed are the muscles or 
flesh Muscle is a form of hving substance which has the property of 
contraction, or altermg its shape, when stimulated m certam ways, it 
shortens its length, while maeasmg m breadth There is, for instance, 
a layer of muscle arranged orcularly round the gullet (as also round 
the rest of the gut) When this contracts m any one place, it narrows 
the tube of the gullet there, and it is by a wave of such contraction 
traveUmg firom top to bottom of the gullet muscles that food is auto- 
matically passed down into the stomach Or again, when the muscles 
of the bladder contract, the cavity of the bladder is made smaller and 
mine is expelled For movmg the animal firom place to place on land, 
however, some part of the body must be held fixed agamst the ground, 
and the rest of the body moved relative to this fixed pomt To 
accomplish this, ajomted firamework is necessary; and this is provided 
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in the frog by the skeleton, composed of substances known as bone 
and cartilage (Rg 4) 

The skeleton, however, serves other purposes besides cnabhng the 
contraction of die muscles to efiect movement For one rhtng it acts 



Fig 4 The biceps and skeleton of the human fore-hmb, to illustrate the lever 
action of muscles The muscle is attached to the shoulder-blade at a, by means 
of two tendons, and to the radius bone m the fore-arm by one tendon at p 
F IS the fulcrum of the lever system, represented by the clbow-jomt, the power 
IS apphed at P, and the hand represents the weight to be raised, w When 
the biceps contracts it becomes thicker and shorter, and consequently the hand 
and the fore-arm arc raised (Huxley, Lessons w Elementary Physiology, 1915 ) 

as a support to the whole body Living substance itself is soft and 
scmi-flmd, with a specific gravity very shghdy greater than that of 
water Animals which hve m the water, therefore, are almost entirely 
supported by the water, but a land animal of any size requires a firm 
skeleton to prevent it collapsing under the force of its own weight. 
A frog without a skeleton would spread out, if m air, like an egg 
taken out of its shell, whereas jelly-fish far bigger than frogs can 
manage to preserve then shape m water with no support except their 
watery jelly. 
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Rg, 5 The skeleton of a firog Note the skiJl, "with cramum (fp), auditory 
capsules (e), nasal capsules («), jaws (m, q, p), orbits (between cranium and 
jaws); backbone composed of nine separate vertebrae and a rod (») represent- 
ing several vertebrae fused togetber; shoulder girdle (the shoulder-blade (d) 
removed on the left side to show the ventral portions of the girdle) ; fore-limb, 
with humerus (h), fused radius and ulna (r), wnst (/), and digits (^), pelvic 
girdle, the dorsal part of which (ihum, t) articulates with the sacrum (sacral 
vertebra, sv); and hmd-limb, with femur (j) articulaong with the pelvic girdle, 
fused hbia and fibula (f), ankle with elongation of two bones (astragalus, a, 
and heel-bone or calcancum, c), and digits (k) (Marshall, Tlie Frogy 1923.) 
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Again, certain debcate organs require to be protected against injury 
and stock, in the &og, the brain and spinal cord, the organs of smell 
and hearing, and to a certam extent the eye, arc enclosed within parts 
of the skeleton 

The frog’s skeleton (Fig 5) is built on the same general plan as that 
of a man There is fint a central portion consisting of skuU and 
backbone The skull is a composite structure. In the centre is the 
bram-box or cramum, containmg the whole of the brain In front 
of these are the two nasal capsules, closed above and at the sides, open 
below, m which the organs of smell are lodged At either side of the 
cramum’s hinder end are similar but soil more completely closed 
capsules, to house the organs of hcarmg The skeleton of the upper 
jaw IS fixed to the nasal capsules m front and to the ear capsules 
behmd On it are numerous small teeth, all of the same pattern, and 
merely attached to the surfree of the jaw, mstcad of bemg firmly 
fixed m sockets like our own There are teeth also on a pair of small 
bones near the centre of the roof of the mouth, but none on the lower 
jaw bone, which is hinged to the hmd end of the upper jaw The 
orbits, or spaces for the eyeballs, he between the cranium and the 
upper jaw There is finally the hyoid, a small plate embedded m the 
floor of the mouth and attached to the hinder end of the skull, this 
gives attachment to the muscles which move the tongue 

The backbone encloses the spinal cord It is formed of nine separate 
pieces or vertebrae, together with a longer rod at the hind end which 
represents a number of vertebra: jomed together Each vertebra 
consists essentially of a more sohd ventral piece, mainly for support, 
to whose upper side is attached an arch for die protection of the spmal 
cord The first vertebra fits on to the hmd end of the skuU, and the 
others arc jomted to each other by ball-and-socket joints m the 
supportmg portions, and by pairs of smooth surfaces springing from 
the arches and fittmg one against the other The frog has no nbs 

The skeleton of the hind-hmb consists of a thigh bone, fittmg at its 
upper end mto the hip girdle, a shank bone, the ankle bones, and 
the bones of the foot, each toe containing a senes of small bones 
arranged m a row All these parts arc jomted to each other m various 
ways The jomt between thigh and hip girdle is arranged on a 
ball-and-socfcet prmaple, allowing the thigh to be moved into a 
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great vanety of positions, those between dngh and shank or shank 
and ankle, however, while allowing free motion backwards and 
forwards, do not allow much m other directions. A number of 
muscles are to be found m the hmd-limb They may be attached 
directly to a part of die skeleton, or mdirecdy by means of a tendon, 
a tough smewy cord, which may be fixed to a bone some distance 
away, and so act like a pulley rope. 

The skeleton of the fore-hmb is built on exaedy the same plan, but 
all Its parts are shorter, particularly that part (die wnst) which corres- 
ponds with the ankle m the hmd leg All animals which jump have 
their jumping legs elongated m order to give powerful leverage; one 
has but to think of a grasshopper, a kangaroo or ajerboa, besides the 
frog 

The hmd legs are attached to the hip girdle, and this m its turn is 
firmly attached to part of the backbone. The fore-limbs’ skeleton is 
also attached to another portion of the skeleton, the shoulder girdle, 
this, however, is not attached to the backbone, but is simply embedded 
m the muscles of the body wall The shoulder girdle also joins 
vcntrally on to the breast bone or sternum, which protects the heart, 
and gives attachment to musdes movmg the fore-limbs and the hyoid. 

By means of the muscles and the skeleton, then, the frog can 
move. But how are its movements to be regulated, made to serve 
some useful purpose such as capturing food? How are the muscles to 
be co-ordmated together instead of one W'orkmg mdependently ofr 
or even m antagonism to, another? This is effected by means of the 
nervous system and the receptor organs 
The receptor organs are those parts of the hvmg organism which 
are speaally sensitive to the changes going on around diem Some 
of them are affected by the changes gomg on mside the body m 
muscles and jomts and in die organ of balance (proprioceptors), 
others by the changes taking place m the world outside (exterocep- 
tors). Some of these latter are espeaally sensitive to changes of 
temperature, others to changes of pressure, some to waves m the 
ether (hght), others to waves in the air, others agam to chemical 
substances, some translate all changes which affea them mto a sense 
of pain 

The cxteroceptor organs are the windows of the animal mto the 
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outer world. Through the propnoceptors wc are aware of the positio 
of the vanous parts of the body, which of course depend on d: 
degree of contraction of a number of musdcs, the degree of bcndin 
of the vanousjoints, and upon our position with regard to the vertica 
The receptor organs include the sense organs, but are not the sam 
thing, smce many receptors when stimulated do not always give ns 

to sensations, and some never dc 
A receptor organ, m feet, is i 
Itself responsive to one particula 
sort of change, but its sttmulaGoj 
may or may not give nse to 
sensation m consaousness The" 
enable action to take place m re 
sponsc to changes inside or out 
side the body, and m some case 
m addition the animal is througl 
them made a ware of these change 
by sensations bemg aroused Re- 
ceptor organs may be large anc 
important structures, such, in the 
frog or man, arc the eye, the ear 
ai 
o 

to be aware of the form, size, anc 
probably colour of objects at a 
distance, if it had no ear it would 
not only be unable to perceive sounds, but also to balance itself The 
nose enables it to detect distant objects by rcactmg chenucally with 
particles which they give off mto the air 

Taste, like smell, is a chemical sense, but gives informaaon not 
about distant objects but about those which find their way into the 
mouth, a number of very small taste organs are scattered over certain 
parts of the tongue 

The receptor organs for touch, pain, heat and cold arc all nnero- 
scopic, and are scattered over the surfecc of the body, more abundandy 
m some regions than m others 

In all the higher ammals, receptor organs arc always connected 


ad the organ of smell By mean; 
f the eycitispossiblefor the frog 



faranous kbyruith) of a frog, seen 
from the outer side a, p, and hate the 
three semicircular canals (antenor, 
postenorand horizontal respectively), 
in the three planes of space, with 
swellings (ampulhc) at b, r, and i u is 
the utncle, s the saccule. From the 
saccule the cochlea of mammals deve- 
lops (seep 210) (Marshall, The Frog, 
1923) 
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witK the nervous system. This consists of the central nervous system, 
and the nerves and ganglia (Rg 7) The central nervous system 
includes the bram and the spmal cord. The bram of a frog is a soft 
whitish organ, nchly supplied with blood, and of a comphcated 
shape We can distmguish three main divisions m it, the fore-brain, 
the rmd-bram, and the hmd-brain. Inthefore-bram, the largest part 
(and as we shall later see, m some ways the most important) is the 
cerebrum, consisting of the paired cerebral hemispheres In front of 
this are olfrctory lobes connected with the nerves of smell, behmd it 
a small part with cunous stalked bodies ansmg from it, the pmeal 
above and the glandular pitmtary below. The mid-bram is small; 
the hind-bram again large, and divided into the cerebellum and the 
meduUa, 

The spinal cord is jomed to the medulla It runs the length of the 
backbone, and has no specially distinguishable parts. From both 
bram and spmal cord sprmg a number of white branchmg structures, 
the nerves Those from the brain are called the cramal nerves When 
traced out, most of them are found to end m the sense organs and 
muscles of the head, but one pair in particular, the vagus nerves, nm 
right down into the body and send branches to heart, lungs, stomach, 
and other organs On the other hand, none of the spmal nerves, from 
the spmal cord, nm up mto the head (except the first, which supphes 
the throat region), they end m the receptor organs of the body and 
m the muscles of the hmbs and body waU. 

Down the back of the body cavity there may also be seen a double 
cham of nerves which is not directly connected with either bram or 
spmal cord On this cham there is typically a sweUmg or ganghon 
opposite each spinal nerve, and this ganghon is connected with the 
corresponding spmal nerve by a thm nerve branch, the cham also 
contmues mto the head, where similar connexions are made with 
some of the cranial nerves This set of nerves is called the sympathetic 
system, the branches given off from it run mainly to glands and to 
muscles not connected with the skeleton, but formmg part of mtemal 
organs such as those of blood-vessels, of the digestive tube and of the 
bladder 

What IS the function of the nervous system? When we exaimne 
a nerve we find that it is composed of a bundle of nerve fibres, m the 
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Fig 7 The nervous system of a frog, m ventral view The membranous nasal 
sac (N) enclosmg the organ of smell, and the eyeball (o), are also shown 1, 
olfactory nerve from nose, H, optic nerve from eye, HI, FV, VI, nerves to 
eye muscles, VH, facial nerve, Vni, nerve from ear, X, vagus nerve to heart, 
stomach, lungs and larynx, Ml-MlO, the ten spinal nerves, S, sympathetic 
cham, with sympathetic gangha, Sl-SlO, each connected with their corres- 
pondmg spmal nerves Note the junction of M2 and M3 to form a plexus for 
the arm, and of M7-M10 to form one for the leg In the bram the cerebral 
hemispheres (He) are shown, with the olfactory lobes m front of them 
Behmd the X-shaped figure made by the junction of the optic nerve hes the 
pitmtary M marks the junction of the medulla oblongata and spinal cord 
(Marshall, T7ie Frog, 1923 ) 


1 
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same way as an electnc cable is composed of a bundle of wires. 
Each of these nerve fibres is a microscopic thread of hvmg substance 
which has the power of conductmg impulses or exatations very 
rapidly along its length, roughly as a wire conducts an electnc 
current * And the nerves themselves are like cables each containmg 
a number of wires The nerve-fibres from receptor organs run in 
nerves imtil they reach the central nervous system, and there spht up 
into a number of very fine branches 
Other nerve-fibres carry impulses outwards and are connected 
with what we call effector organs — organs which are capable of 
active work, the muscles and the glands The two sorts of nerves are 
called afferent and efferent, because of their carrymg messages to and 
from the central nervous system respectively; or sometimes sensory 
and motor, because of their mam functions 
The ends of the afferent fibres inside the central nervous system are 
branched. These branches come mto contact with those of other cells, 
and sooner or later with the similar branches of efferent fibres. 
Sometimes they connect, after a few mtermediate steps, with cells 
which send out efferent fibres m the same region of the cord In 
other cases they connect with the end branches of cells whose fibres 
run up and down withm the central nervous system, often up to the 
bram, but even so the other ends of these fibres are always connected, 
direcdy or mdirectly, with efferent fibres f 
All messages from receptor organs, therefore, always pass to the 
spinal cord or bram; withm these organs, they are, either directly or 
mdirecdy, passed on to efferent fibres, and so finally to muscles or 
glands The result on these effector organs may be either to start or 
to mcrease their activity (“exatauon ’), or else to dimmish or stop it 
( inhibition ). In any case, by means of the nervous system, a change 
m the outer world or m the body itself is made to exert an effect on 
the workmg of muscles or glands, often m qmte other parts of the 
body (Fig 30) 

When an action is earned out thus by an effector organ as the result 
of a stimulus transmitted to it along nerve-fibres from a receptor 
organ, it is called a reflex action (or simply a reflex), because the 

' Inman, impulses are conducted along nerve-fibres at the rate of about 120 metres a second 
n a frog more slowly, at the rate of 28 metres a second. ’ 

tThe poUit of contact between the branches of two separate nerve-cells is called a synapte 
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stimulus travels to the central nervous system and is then, as it were, 
reflected outwards agam along the efferent fibre, and the arrangement 
of organs concerned m it is called a reflex arc Good examples of a 
reflex action are the narrowing of the pupd of the eye when strong 
hght falls upon it, and the watering of the mouth at the sight of 
appetizmg food In both cases the eye is the receptor organ, but m one 
case the effector organ is a muscle (the circular muscle of the ins or 
coloured portion of the eye), m the other a gland (the sahvary gland) 

The spmal nerves and spinal cord, taken by themselves, represent 
nothmg but a huge system of mterrelated reflex arcs, m other words, 
a wonderful arrangement for translatmg changes m the outer world, 
through their effects on receptor organs and nerve-fibres, mto action. 
A particular stimulus will automatically call forth a particular action 
because there is a path (predetenmned through heredity) m the 
nervous system fi:om the receptor organ affected by the stimulus to 
the muscle or gland which acts That this is so can be shown by 
destroymg the whole bram of a fiog The rest of the frog is now quite 
unconsaous, but can contmue to hve for many hours The hmbs 
hang hmp, but if the toes are pmehed, the leg will be drawn up, if 
a drop of aad be placed on the skm of the back, the leg will be raised 
to wipe It away It may be noted that the number of cflbrent paths is 
considerably smaller than the number of afferent. The nervous 
system m this respect is like a funnel, with stimuh poured into its 
broad top, to issue m a narrower stream of action. 

What then docs the bram do m the frog’s organism? In the first 
place It receives the messages from the large organs of spcaal sense m 
the head — sight, hearing, smell, and taste Secondly, it is the mam 
controlhng centre of the animal Thirdly, it (or rather part of it) is 
the seat of consaousness * Owmg to the first cause, the constant 
stimulation through the organs of speaal sense, the bram is m more 
mdmate relation with the outer world, and with more of the events 
of the outer world, than is the spinal cord or any other part of the 
fix)g 

Then therA is the question of control In the spmal cord not ail the 
branches of afferent fibres connect at once with branches of efferent 

• In man the fore-KralaI» known to be the part of the oiBanlim with which consdoosnesslsbou^ 

np We piesnme thatlthe frog too, poisesses some degree of consciousness, and that this Is related 
to the same part of the brain as in ourselves, althongh the evidence is of course indirect. 
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fibres leaving the cord; some enter mto relation with speaal fibres 
which run up inside the cord to the bram, and there make connexions 
with fibres of the bram From other parts of the bram, fibres run 
down the cord again, and come mto contact there with branches of 
efferent fibres The efferent nerves of the cord, therefore, can be 
affected first by the messages of die sense organs brought along the 
afferent fibres, and secondly by messages fiom the bram. Now the 
bram, as we saw, is m better contact with the outer world than is the 
rest of the firog; fiirther, it is the seat of memory Thus the messages 
fiom the receptor organs of the skm and of the inside of the body are 
sent up to the bram and there brought mto relation with messages 
fiom more distant surroundmgs and with records of the past. In just 
the same way, in an army m the field, the battalions m the Ime send 
up reports to headquarters of what they have discovered about the 
enemy, and of what they themselves are doing, and at headquarters 
these reports are considered m the hght of the much wider knowledge 
both of present and past conditions, acquired through the mteUigencc 
and operations branches Fmally, just as a battalion commander 
might think that to attack was the nght pohey and yet might be 
ordered to remam mactive owmg to some situation far behmd the 
enemy’s firont, of which he knew nothmg, so the refiex action which 
would mevitably take place if the spinal cord were left to itself may 
be altered or entirely stopped by messages reachmg it firom the bram 
A sneeze, for example, is a reflex action, but we can usually stop it 
by an effort of wdl if we realize, for instance, that to make a noise 
■will put us m danger, or remember that there is an mvahd m the 
room who must not be awakened 
Fmally, states of consaousness seem to correspond with speaal 
ways of settmg the connexions m the bram. When we are angry, the 
bram connexions are so set that messages may nm out to all the 
effector organs concerned in attack and defence, when we are afiraid, 
the machmery for runnmg away is put m readmess; when we are 
depressed, it means a dampmg dovm of all our general activities, 
Slid so forth. 


The reflex arcs conneaed M'lth the spmal cord thus represent the 
machmerybywhichananimal’sactionsarepossible But the particular 
actions earned out depend upon the way m which the bram mfiuences 
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this mechanism The range of actions possible to a frog is much less 
than that possible to a dog or monkey, and that of a dog or monkey, 
agam, very much less than that possible to a man The differences 
between the spmal cord machinery of the three types of animals, 
however, is comparatively small, it is through differences m the brain 
that the same general machinery can be adapted to many more 
situations and made to carry out a far greater number qf distmct 
actions 

By means of the nervous system, then, as well as through the blood 
system, co-ordination is earned out. But whereas the co-ordination 
effected by mtemal secretions m the blood is primarily between one 
mtcmal organ and another, that effected by nerves is largely between 
the outer world, as it stimulates the receptor organs, and mtcmal 
organs What is more, a much more finely adjusted co-ordination 
can take place through the nerves than through the blood Actions 
like the accurate bnngmg up of the firog’s leg to the particular spot 
on the back which is stimulated, or my using my pen to wnte these 
words, mvolvc just the nght degree of contraction of a large number 
of muscles, and are fer more complex and mccly adjusted m detail 
than the secretion of the pancreas under the influence of the hormone 
firom the mtestmc, or Ae darkemng of the firog’s skm when the 
pitmtary hormone is mjcctcd Furthermore, m the workmg of the 
nervous system, we find that one part is m the relation of central 
headquarters and so dominates or controls the rest, whereas nothmg 
of the sort happens m co-ordination through the blood 

We have not yet mentioned the reproductive system, by means of 
which new firogs arc produced firom old, but this wdl be best treated 
m another chapter 

So far we have dealt with the working of the firog’s organism, and 
the plan of its structure It remains to consider the firog m relation to 
Its surroundmgs When we do this, we find that there are so many 
correspondences that they cannot well be due to chance The common 
frog spends much of its time m the water, and its hmd feet have a web 
between the toes It uses its skm for respiration, and hves m damp 
places It feeds on small animals, and has a tongue smted for scizmg 
such prey with hghtnmg rapidity It is preyed upon by various birds, 
but has a blotched skm to camouflage it, and, furthermore, a skm 
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which changes colour with its surroundmgs, becoming darker on a 
dark background and vice versa The tree frog, on the other hand, 
hves among the leaves of trees, and it is coloured green It must 
climb tree trunks; and possesses speaal adhesive pads on its feet 
The tongue of a frog would be of no service to a grass-eatmg cow, 
nor Its webbed feet to a dog or cat nor its skm to a desert-dwelhng 
animal 

In bnef, the structure and habits of the frog, hke those of all other 
organisms, fit its surroundmgs, and we say that it is adapted to its 
particular environment How it is that ammals and plants are adapted 
to their surroundmgs is another and far more difficult problem, 
which we must leave for the present 
Our next immediate concern is to penetrate mto greater detail of 
the frog’s anatomy. So far we have only considered structures visible 
with the naked eye or with the help of a hand lens. But by means 
of the microscope we can submit the frog’s tissues to a magnification 
of several hundred diameters, and see much that was mvisible before. 
This branch of zoology is called histology, or the microscopic 
anatomy of tissues. 

Perhaps the most important fact revealed by these methods is the 
fact that all tissues are made up of definite umts of hvmg substance, 
usually called cells. The name cell is not a very good one, as it suggests 
hollow boxes, and the hvmg cell is not hollow and is m no sense hke 
a box However, the name was first given to the hollow boxes of 
which cork and pith are seen to be composed when exammed under 
the nucroscope, these are the dead cases of once hvmg tissue umts. 
Then the name was transferred to the hvmg tissue umts of plants, 
hvmg contents, box, and all, and finally, when it was dear that the 
slimy contents were the essential and theboxsomethmgmadental, 
found m plants and not m animals, the term became restncted to the 
contents, and the box of cellulose m plants was called the cell wall 
A cell IS the functional umt of hvmg substance or protoplasm. This 
scmi-flmd, almost transparent material, generally contammg granules, 
IS a complex mixture of substances, some of which m their turn are 
also of extreme chermcal complexity. Cells, both of animals and 
plants, normally possess a speaahzed cell membrane at the surface, 
■which regulates the passage of matenals m and out of the cell, and a 
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central usually rounded body witb a ddSmte membrane of its own, 
the nucleus The protoplasm apart firom the nucleus is called the 
cytoplasm 

All tissues are made up of hvmg cells, together m some cases with 
dead substances produced by cells, and each tissue consists of one or 
a few characteristic lands of cells, arranged in a characteristic way 

Blood IS the tissue (if we may stretch the term “tissue” to cover a 
mass of cells not jomed together, but movmg freely m a flmd) which 
is most easily exammed microscopically If we look at a small drop 
of frog’s blood under the microscope, we shall sec that it contains 
thousands of cells The commonest type is a flattened oval m shape, 
with Its cytoplasm of a flimt straw colour, and containing a central 
uncolourcd nucleus In bulk these corpuscles give blood its red 
colour, and arc called the red corpuscles. Their colour is due to a 
pigment called haemoglobm which they contain, and by means of 
which they convey oxygen round the blood stream (Fig 24) 
Human red corpuscles are smaller, bi-concave, and without a nucleus 
Besides these, there wdl be seen a number of smaller, uncoloured 
bodies, capable of slow movements and alterations of shape, these 
are called the white corpuscles Most white corpuscles have the 
power of devounng bacteria and other foreign particles (Plate 12) 
When they collect m large numbers, mflammation is often found. 
They are the body’s rmcroscopic poheemen and scavengers 

Next we distmguish a whole group of tissues which form hnmgs 
to surfaces, whether external or internal, such a lirung is called an 
epithehum The body cavity, for instance, is hned by a smgle layer 
of flattened cells fitted together hke a smiple jig-saw puzzle, the 
absorptive linin g of the gut by narrow cyhndncal cells, the linmg 
of the wmdpipe by cubical cells armed with tmy lashes or ciha which 
beat uninterruptedly and dnve any small foreign particles up and 
out of the wmdpipe The outer skin, or epidermis, on the other hand, 
IS an epithehum of many layers of cells The lower ones are roughly 
cubical, and arc contmually produemg new cells which become 
gradually transformed mto homy plates to be rubbed off on the 
outer surface as scurf, m this tissue, therefore, cells are constandy 
dymg throughout life, bemg sacrificed for the good of the whole 
organism The h'omy layer is much better developed m land 
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forms than in water animals or the moist-skinned 6:og (Fig. 35). 

Organs of touch are scattered just below the epidermis, and 
numerous glands open on it— sweat glands, for instance, m man. 




rLl breast bone) highly magnified, 
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slime glands m the firog Glands are those parts of the organism whose 
function It IS to extract or manufacture particular substances from 
the blood, whether they are substances of which the orgamsm will 
make use, or substances of which it must nd itself The pancreas 
secretes pancreaticjuice for use m digestion, the kidneys secrete unne 
for elnrunation from the system The simplest lands of glands are 
smgle cells, such as the mucus or slime cells which are scattered 
among the absorptive cells of the frog’s mtestme, and secrete a 
lubneatmg flmd Most glands, however, are many-celled tubes or 
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Fig 9 The fibres of ordinary connective 
tissue after removal of the cells a and b, 
bimdles of white fibres, c, single elastic 
(yellow) fibres (Huxley, Elementary Lessons 
1(1 Physiology, 1915 ) 


pockets of cpithehum, either unbranched or shghtly branched like 
the glands of the stomach, or much-branched hke the hver or sahvary 
gland Their cells are usually more or less cubicaL Generally htde 
spherules of the substance which they secrete arc to be seen withm 
their cells, after a gland has been m action, however, these arc seen 
to have disappeared — they have been discharged (Fig 27) 

The cells of muscles arc very remarkable structures The simplest 
are found m smooth muscle, they are very much elongated, and are 
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marked with a number of fine fibnk along their length. In voluntary 
muscles (those attached to the skeleton), each unit is made of a 
number of cells nm together, as is evidenced by the number of 
nuclei which it contains Further, m addition to longitudmal fibrils 
there are a number of transverse bands across the fibres of volimtary 
muscle The presence of these bands is somehow assoaated with 
greater rapidity m contraction 

Next we have a group of tissues called the supportmg tissues. 
They have the property of secretmg dead substances out of their 
hvmg selves, and by this means bmldmg a skeleton or firamework 
In gnsde (cartilage), for example, a number of roundish cells can be 
seen, embedded m a stiff jelly-hke substance which they have pro- 
duced. The same is true of bone, save that there the cells are usually 
arranged in defimte systems, often concentnc, and that fine branches 
firom them penetrate the ground substance m every direction 
Connective tissue, on the other hand, which bmds up every organ m 
a fine firm sheath of tissue, has a number of scattered cells which 
produce bundles of fibres, mterlacmg in every direction, and giving 
great tensile strength combined with elasneity. If we could conjure 
away every other tissue of the body, we should still see the outhnes 
of every organ, mcludmg the course of every vein and artery, every 
nerve, preserved for us m this pervadmg scaffoldmg of connective 
tissue (Figs 8, 9). 

Nerve cells or neurons, as befits then remarkable functions, undergo 
perhaps more change durmg their development than does any other 
type of cell In early stages, they are irregularly rounded, like most 
other cells at this period After a tunc, however, a prolongation 
grows out at one end, and one or more similar prolongations at the 
other These continue to grow, and become the conducting nerve- 
fibres we have already spoken of, some of them may reach relatively 
enormous lengths, the muscles of the toes, for instance, bemg supphed 
by fibres which run all the way firom cell bodies m the spmal cord— 
a distmce of several yards m the largest animals known A nerve- 
fibre is thus always attached to a nucleated cell body, and cannot exist 
without It, if a nerve be cut, all the fibres which are no longer attached 
to c^ die, whereas those parts of them which are still m connexion 
with the cell bodies will hve and regenerate The nerve-cells in parts 
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Fig 10 Diagram to show the mam parts of a nerve-cell (a motor neuron 
from the ventral horn of the grey matter m the qiinal cord) ah, origin of 
mam outgrowth or axon, ax c, cell body d, shorter branched outgrowths 

(dendntes), their fine terminal brandies arc not shown, m, si, sheath cells 
round axon, separated by nodes (ni?), at the one marked, the axon has divided, 
^.another branch of the axon, n, nudeus of the nerve-cell with its nudeolus 
tel, end plate formed by the tip of the axon, through which impulses are 
transmitted to the muscle fibre (m reahty, the axon will always be much 
longer relatively to the cell body) 
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of the cerebral hemispheres are remarkable for the degree of branch- 
ing shown by their processes; it is probable that these are concerned 
with memory, and m man with the association of ideas (Plate 3 and 
Figs 10, 34). 

In the same sort of way m which a substance is chemically composed 
of molecules, so the higher animals and plants are biult of cells They 
too, of course, are in their turn composed of molecules, and those of 
atoms; but the cells are the smallest definable biological units 
In a sense, the body is a colony of cells In a beehive, the hves of 
the mdividual bees are subordinated to the good of the colony, so 
too the mdividual cells are subordmate to the good of the body, but 
the subordmation is far more thorough, and the "colony” can act 
as a smgle whole far more effiaendy than the hive. 

This It can do in spite of the enormous number of cells which it 
contains If human bemgs were blood corpuscles, the population of 
London would almost fit into a cubic millimetre of human blood, 
and the population of the world mto a dozen drops. 

A firog, then, is a mass of hvmg substance organized on a parOcillar 
plan, and this plan bears a definite resemblance to that of human 
bemgs, although it is altogether different firom the plan on which 
both crayfish and cockroach, for instance, are constructed (Plate 2 
and Figs 73, 75). It is composed of cells; these joined together mto 
tissues; these agam mto organs and systems of organs Each organ is 
constructed so as to work m a particular way, which is normally 
for the good of the whole organism to which it belongs Some organs, 
hke the digestive system and the glands, carry on chemical work, 
the skeleton is a passive support and protection; the blood system is 
the go-between for all the others; the muscles by changing then 
shape move the whole organism or alter the state of the organs; the 
receptors are like windows mto the world of events. But through one 
wmdow one set of events only can be seen, through another wmdow 
only another set; the nervous system ensures that the reports of 
different hmds of events shall be co-ordinated, and that on the whole 
the nght response shall be made to the right event. Thus the nervous 
system, together with the chemical regulation effected by way of the 
blood stream, makes it possible for the animal to act as a unity, as a 
single whole, and so to deserve the tide of organism. 
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DEVELOPJvIENT AND HEREDITY 

F rogs grow old as well as men, and will die of old age even 
they have not previously met death by some acadent. If there is 
to be a race of frogs, there must therefore be a contmual production 
of new frogs to take the place of the old. Our next mquiry must be 
mto the method adopted to ensure this reproduction 
If we run an individual frog’s history backwards through our 
mmds, as a film can be run backwards through a emema, we find that 
the full-sized or adult frog was preceded by a young frog of much 
smaller size, but of the same general shape and structure Before this, 
however, the frog was so different as to ment a different name, it 
was a tadpole, hved only m the water, fed mainly on vegetable food, 
had only rudimentary legs, and swam with a tail It did not breathe 
by lungs, but by gills, these are branched outgrowths of the body wall 
with many capiUanes just below a very thin skm They grow on the 
outer borders of shts which lead from the cavity of the mouth to the 
side of the neck, and, smee water is continually being sucked m at 
the mouth and then forced out through these giU-shts, they can be 
always takin g up dissolved oxygen from the water and passmg carbon 
dioxide out mto it. In large and medium-sized tadpoles, the giUs and 
gdl-shts are covered by a flap of skm or gill cover, but m qmte small 
ones the gills stand out free on the side of the neck As the adult frog 
grew out of a smaller frog, so the large tadpole has grown from a 
smaller tadpole of the same general form and contammg the same 
systems of organs, except that it is altogether without limbs The 
small tadpole, m its turn, hatched out of a glutmous covering, which 
with several hundred others formed a mass of frog spawn. 

If we had gone farther back and exammed the developmg frog 
inside thejelly a few days before hatchmg, we should have seen that 
It still had the general form of a tadpole, but its gdls were mere knobs, 
its tad not fully formed Before that agam there was a time when, 
although the general plan of the mtemal organs was the same, the 
organs themselves were not present as workmg pieces of machmery, 
but merely blocked out m an undifiercnaated state, with their com- 
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ponent cells not yet speaabzed as in the adult. The hver at this stage, 
for instance, was represented merely by an unbranched tube, the 
heart was an S-shaped blood-vessel, as yet without muscles or valves, 
the chief parts of bram and spinal cord could have been seen, but m a 
much more rudimentary shape than m the full-grown firog, and with 



Fig 11 Transverse microscopical sccoon across very young cat embryo m 
the germ-layer stage Above, caoderm (neural folds not yet developed), 
below, endoderm, between, mesoderm In the centre the layers are still umted. 
A mitohc figure is seen just to the left of the centre ( X 400) (Dahlgren and 
Kepner, Textbook of tiie Pnnaples of Animal Histology, 1908 ) 

no nerve-fibres yet formed by outgrowth fi’om their cells (Plate 4 
and Fig 12). 

Still earher, the developmg animal had no particular resemblance 
to a tadpole, and even the mam organ systems were barely recogniz- 
able The future bram and spmal cord, for example, were represented 
by a groove along the back; the digestive system was an irregular 
space withm a mass of yolk m the mtenor. Before this, the organism 
(when passmg through what is termed the gastrula stage) was qmte 
spherical, consisting of an outer sheet of several layers of small cells, 
an inner sheet mainly composed of big yolk-laden cells surrounding 
the cavity which is the first rudiment of the gut, and a middle sheet 
between the other two (Plates 4, 5, and Fig 11) 

A day or so earher, m the blastula stage, there was but one sheet of 
cells, and no digestive rudiment Earher still, there were only a few 
large cells, and at the last, we can trace our frog back to a smgle very 
large cell, black above and white below, loaded with reserve food m 
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the shape of yolk, and containing but a single nucleus This is the 
fertihzed egg (Plates 4, 5) 

“What IS the ongm of the fertilized egg?” is the next obvious 
question- But before attempting to answer this, we must go m some- 
what more detail mto the actual progress of development 

This can be divided mto a number of periods The egg contains 
plenty of yolk, m order to provide food for the young frog before 
It can feed for itself It is consequently a very large cell, and the first 
step to be taken is to divide it mto cells of a more convenient size — 
the bricks to be used m the future budding The egg divides mto two, 
these mto four, and so on, untd the blastula stage is reached 

This marks the close of the first penod, usually called the penod 
of segmentation. The second penod ends m the formation of a rough 
— a very rough — ground plan of the future organism. A fold of the 
dark, smaller cells grows over the larger yolky ccUs, and the crack 
between the inner layer of the fold and the yolk afterwards swells 
out to be the first rudiment of the digestive system. If you hold one 
end of a sheet of paper m place and bring the other end down towards 
the first, you wdl produce a similar fold, but the movement of the 
hvmg fold IS caused by rapid growth of cells just about the folded 
part. Between the inner and outer layers of the fold a third layer or 
cells IS spht off Now the first ground plan is ready — there are three 
distmct layers of cells m existence The outer layer will later give 
rise to the epidermis of the skm, the sense organs, and the nervous 
system, the inner layer to the gut and all its appendages such as hver, 
pancreas, thyroid, lungs and giU-shts, and the middle layer to the 
muscles, the skeleton, the connective tissue, the blood system, the 
kidneys and the reproductive organs These three primary layers are 
called germ layers, so that this is the penod of germ-layer formation 
Segmentation and germ-layer formation are a good deal simpler m 
forms with less yolk m their eggs Plate 5 illustrates the simpler course 
of development m Amphioxus 

In the third penod a great advance is made — the main systems of 
organs are blocked out The embryo lengthens a groove forms on 
the back, deepens, and its sides arch over and meet to produce a tube, 
this tube IS the rudiment of the whole central nervous system, and 
of most of the nerves Tmy pits appear on the side of the head. 
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representmg the future nose and ear, and from near the firont of the 
nerve-tube, two hollow outgrowths arise which wiU form the mam 
part of the eyes Below the nerve-tube, a long straight rod is mpped 
off from the top of the guL This is the notochord, the early and less 
comphcated precursor of the true backbone. On each side of the 
notochord, the middle layer of cells grows rapidly, and cuts itself 
up mto a senes of blocks of tissue, the muscle segments, from these 
the voluntary muscles wdl be formed Below them, a spht appears 
m the middle layer — the rudmient of the body cavity From its walls 
a senes of funnel-shaped tubes grow out, and their ends umte and 
form a duct which grows back to open at the hmd end — the rudiments 
of kidneys and of ureters 

The mouth and anus are pierced, outgrowths of the gut produce 
the pancreas and hver rudiments, other outgrowths reach the extenor 
and wiU form the gdl-shts Scattered cells of the middle layer umte 
to form tubes, and these tubes jom up to give the blood-vessels The 
mam characteristic of the penod has been the formation, m a very 
short time (not more than forty-eight hours at ordmary temperatures) 
of a great deal of visible structure where very htde was to be seen 
before We may call this the penod of primary differentiation of 
organs {see also Plate 10 (a)). 

At the end of this penod, the laymg out of the detailed groimd 
plan, some htde time before hatchmg, the chief organ-systems and 
organs are thus all present, but they are not yet m workmg order — 
their cells are stdl all of the same general type, not speaahzed for 
their vanous duties The next, or fourth penod, therefore, is primarily 
chiefly that of the differentiation of the tissues The gut rudiment, 
growing capable of digestmg, becomes a gut, the muscle rudiments 
become muscles, the nerve-tube becomes a brain, spmal cord and 
nerves, and so on with the rest of the organs of the body This change 
IS accomplished by the time of hatchmg for some organs, a htde later 
for others It takes place through transformation of the shape and 
structure of cells 

In the next penod the animal works, and becomes self-supportmg; 
feeding and consequent growth are its chief charactenstics, but 
towards its close, preparation is made for the ad^ult stage by the 
appearance of limbs and of lungs — agam first as mere rudiments, 
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Fig 12 A longitudinal vertical and a transverse section through a late embryo 
of a frog The mouth has not yet perforated, the hver is still a simple tube, 
the cells from which the heart will be formed are still scattered. Postenorly 
the nerve-tube, notochord and hmd-gut are still connected The coelom has 
appeared as a spht m the mesoderm, the upper portions of which are enlarged 
to form the somites (future muscle segments) The rudiment of the pitmtary 
IS being formM from the roof of the future mouth an, anus, ec, ectoderm 
ent, gut, f hr, fore-bnun, h hr, hmd-bram, hy, endoderm, h, hver, mes, meso- 
derm, mesjom, Bomitc, iic, remains of commumcation between nerve-tuh 
and gut, nch, notochord, nt, nerve-tube, pit, ingrowth of ectoderm to fom 
pitmtary, smp, ipp, outer and inner walls of coelom, sp c, spmal-cord portio 
I of nerve-tube, yk, yolk mass 
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later as organs capable of working. This is the larval penod, a larva 
being a stage in an animal’s history when it is self-supporting (and 
therefore no longer an embryo) but radically different m structure 
and mode of life from the adult* {see Plate 13 (i) and Fig 79). 

The sixth stage, or penod of metamorphosis, is a violent transition 
from larva to adult, from water to land. If we could not actually 
follow the transformation, it would be impossible to guess that a 
young frog and a tadpole were stages m one and the same animal’s 
life The limbs grow rapidly, the shape of head and trunk and the 
colour of the skm become altered, and there are mtemal alterations, 
such as a shortemng of the mtestine m view of the change from vege- 
table to animal diet, the remodeUmg of the skuU, and the replacement 
of much cartilage by bone But the most remarkable changes are 
those afiecting the tail and giUs. These do not drop off, as is still 
beheved by some unobservant people; they are absorbed. They have 
been btult up, now they are unbuilt. Their tissues lose their differen- 
tiation, degenerate, and are used as food matenal Thus the develop- 
ment of an organ need not always be forwards; it may be reversed. 

After the change, another growth stage sets m, which we may call 
the juvemle period, when the animal is definitely a frog, but not yet 
grown up After a time, however, growth slows down, and at about 
the same time sexual maturity begins So the eighth of our penods, 
the adult penod, starts This is the longest of all the penods, and is 
best developed m the highest forms of life It is m them a condition 
m which neither growth not breakdown has the upper hand, a 
penod ofbalanced activity, which has been compared to the apparent 
rest of a "sleepmg” top Frogs, like mammals and birds, have a 
well-marked adult penod in which growth is absent Many lower 
animals, however, such as most crabs and shell-fish, go on growmg 
throughout life, and m them sexual matunty, not cessation of growth, 
IS the only entenon of the adult phase 

Finally, however, the ninth penod sets m — old age The meta- 
bolism grows feebler, the organs no longer work so well, and even if 
a violent end does not terminate the animal’s existence, as is almost 
always the case m nature, its life eventually comes to death as an 


If animal at a corresponding stage I* retained within the 

n IS called an embryo or Imtns. {Set Plate* 10 (6), n ) 


egg or the mother’s body. 
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mevitable close Such a death is unavoidable and normal, we may 
call It natural death — a real wearmg-out of the tissues and a consequent 
collapse of the orgamsm hke the collapse of the hundred-year-old 
“one-hoss shay” m the poem 

The development of an animal hke the frog, then, consists partly 
of growth, partly of difierenuation or increase of complexity, thirdly, 
of metamorphosis from one form to another, fourthly, of the attam- 
ment of a relatively stable, balanced state, m which growth and 
differentiation are almost absent, and lastly, of the loss of this stabdity, 
the weanng-out of the machme — old age, and death. 

Now havmg traced the development of a grown-up frog from a 
smglc ferdhzed egg, we can return to our question as to the ongm 
of this fertilized egg If we look at the ovanes or reproductive organs 
of a female frog m early spring, we shall find m them, and actually 
produced by them, a great number — one to two thousand — of eggs 
apparently similar to fertilized eggs, a htde later m the season, these 
will be found loose m the swollen lower part of the oviducts, each 
surrounded with a thin layer of jelly But if we take these eggs and 
put them m water, they wiU not develop For them to start develop- 
ment, fertilization is normally necessary , and by femhzation we mean 
umon of the egg with a reproductive cell of the male In all animals, 
the eggs are cells detached from these special organs of the body, the 
ovanes (Plate 6 (i) ) 

The reproductive organs of the male are the testes, small whitish 
bodies consisting mainly of a number of microscopic tubes The ccUs 
forming the walls of these tubes divide, and some of the fresh cells 
thus produced change then shape m a remarkable vray, the nucleus 
becomes long and dense, and the rest of the cell becomes transformed 
mto a sharp pomt at one end and a swimming tail at the other They 
are now npe, and are called spermatozoa or sperms These are shed 
mto the hoUow of the tubes, pass down canals mto and through the 
kidney, and down the ureter, to be stored m a pouch on its side A 
drop of the contents of this taken m early Apnl and mixed with water 
will show tliousands of sperms m active movement, a male frog 
produces bilhons m a season (Plate 6 (u) and Hg 13) 

When the female lays her eggs, the male sheds his sperm over them 
The sperms are attracted by the eggs, and start burrowmg mto them 
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Rg 13 Four stages m the di£Ferentiauon of spermatozoa, from the earth- 
worm Above, a group of spermatids, produced at the dose of the maturation 
divmom Each has a nudeus and a ccntrosome Centre, a similar group 
showmg the first stages m the elongation of the spermatids, their outgrowth, 
and the elongation and condensation of their nudei Bdow, left, three nearly 
mature sperms The outgrowth has become converted mto the “tail” 
(flagellum). There is soil a layer of cytoplasm over the nucleus Below, nght, 
a mature sperm The tail is further elongated, and takes ongm m a “middle 
piece,” containing the centrosome Then comes the “head,” consisting of 
the much-elongated nudeus, surrounded vath a mere film of cytoplasm and 
tipped with an organ which fadhtates the sperm’s entry mto the egg 
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Once one has succeeded in forcing its nucleus inside, a change takes 
place over the egg’s surface which prevents any further spermatozoa 
from entenng The sperm nucleus then swells up, and becomes very 
like the nucleus of the egg The two nuclei meet, and actually umte 



Fig 14 Human unfertilized egg (oocyte) and sperms, on 
the same scale The egg is seen surroimded by its membrane 
(Memb ), and this agam by protective and nutritive folhcle 
ccUs (FC) It contains a large nucleus (N), which has not 
yet undergone reduction, and some yolk grains (Y) The 
nucleus contains a nucleolus Below, at B, are two sperms, 
the lower one in profile The "head” contains all the 
nuclear material, condensed. The ovum is about 200^ 

(0 2 mm ) in diameter 

to form one. This completes the act of ferohzaaon, and only after 
this does development begin (Figs 14, 16) 

Sexual reproduction m the frog then consists m this that imion of 
two ccUs, or at least of the nuclei of two cells, takes place, that the 
cells at the moment of umon arc detached and mdependent, but 
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previously formed part of the bodies of other mdmduals of the 
speaes; and that the cell formed by their umon develops mto a new 
mdividual 

It has been found possible with the eggs of frogs, worms, sea- 
urchins, and other animals, to make the egg start its development by 
artifiaal means (by chemical treatment m sea-urchins, by heat m 
starfish; by pnckmg the egg with a fine needle dipped m blood, m 
frogs), without any sperm bemg present, so produemg fatherless 
animals Some of these have been raised to matimty, and appear 
normal Thus fertdization consists of two separate and separable 
processes — activation, or the startmg-off of the egg on development, 
and the umon of the nuclei of male and female reproductive cells 

The two cells which thus umte are called gametes or “marrymg 
cells”, and the product of their umon is called a zygote — something 
formed by the “yokmg together” of two gametes Usually the 
gametes are, as m the frog, of two markedly different kmds, the female 
gamete large and yolk laden, the male gamete tmy and active This 
difference between the two gametes, however, is not umversal In 
many low forms of life, both plant and ammal, the two are alike, 
and m some, as m the smgle-celled ammal Parameaum, only nuclei 
and not whole cells fuse with each other Thus the essential fact m 
sexual fusion is the umon of the two nuclei The difference between 
the two gametes is only secondary, the size and yolk contents of the 
egg serve to give the developmg embryo a good start m life after 
fertilization, and the shape and activity of the sperm ensure that the 
two gametes shall meet 

The race of frogs, then, can be thought of as consistmg of a number 
of continuous streams of hvmg substance The streams flow for the 
most part m the form of zygotes, starting as fertilized eggs and 
developmg mto mature frogs, but for some of the time they subdivide 
to flow m the form of gametes, and then such of these streams as do 
not die out, unite m pairs to become zygotes once more Or, to put 
It m another way, the speaes Ram tmporaria, or any other kmd of 
higher animal, such as the human speaes, comprises not tivo hut four 
kmds of mdividuals— male and female zygotes, and male and female 
gmetes. The zygotes are large and long-hved, the gametes small, 
short-hved, but far more numerous 



ANIMAL BIOLOGY 


154 

To understand fully what this imphes, we must agam turn back. 
We have said that cells divide, but have not desenbed the process 
As a matter of fact, it is a very remarkable one When a cell is ready 
to divide, the wall of the nucleus breaks down, and its contents 
change from their chiefly flmd state mto a number of more sohd 
rod- or strap-shaped bodies, which, because they become coloured 
by many dyes, are called chromosomes Meanwhile, a star-shaped 
figure of radiating fibres is seen m the cell This divides mto two, 
fo rmin g a spmdle-shaped set of fibres with a radiating “star” at each 
end, and the chromosomes arrange themselves where the fibres from 
the two stars meet, m the centre of the spmdle The chromosomes 
next spht nght down their length, and the halves travel away from 
each other, one to one pole, the other to the other Finally, the body 
of the cell divides, the set of chromosomes at either pole swells up to 
form a nucleus again, and there are two cells, each with its nucleus, 
m place of one (Plates 8, 9, and Fig 16) 

This process of nuclear division (called mitosis, on accoimt of the 
thread-like chromosomes, from the Greek fiiros, thread) ensures 
that each chromosome is divided exactly along its length As we shall 
see, the umts which deterrrune the hereditary characters of an animal 
probably he along the chromosomes, so that as a result of mitosis a 
complete set of halved umts is dismbuted to both of the two cells 
arisrng at any division, and these halved umts, smcc they arc ahve, 
soon all grow up to their onginal size again. 

The number of chromosomes is always the same for a given race 
of animals or plants, not only this, but often the mdividual chromo- 
somes can be distinguished from each other by differences of size and 
shape, and when this is so, they can be arranged m a senes of pairs, 
so that the total number is always even.* In man, for instance, the 
total is 48, m the fnnt-fly. Drosophila melanogasttr, it is 8, m the 
Mexican salamander, 28, m Ascans, 4 (Plates 8, 9), and so on. 

At one of the ccU divisions just before the formation of gametes, 
however, the process is qmte different. Instead of the chromosomes 
dividing, the members of a pair come to he side by side, and at division 
one whole chromosome of a pair is separated from the other This 
process is called the reduction of the chromosomes, for owmg to it, 

• Wtb certain exceptions connected with sex. 
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each of the two cells produced at this division possesses only half the 
ordinary number of chromosomes for the speacs (Fig 15) 

Accordmgly, gametes have half the number of chromosomes found 
m zygotes, and the reason the chromosomes of the zygotes exist m 
pairs IS that one member of the pair has come from the father and 
one from the mother Thus, the ordmary higher animal or plant has 
two complete sets of chromosomes, like two packs of cards This is 
of great importance in the study of heredity, or, in other words, of 
the way m which characteristics are handed on from one generation 
to the next. 

A frog gives rise to new frogs, not to toads or hzards, withm a 
smgle speaes, such as man, many characters “run m famihes” — 
physical characters hke black hau, or mental characters like musical 
talent, and it is a common observation that children inherit traits 
from then parents and from remoter ancestors The facts of heredity 
arc often obvious enougL But what is the machinery by which they 
are brought about? How is it that the tiny, simple-looking egg has 
the power of developmg mto the compheated adult, and an adultjust 
of one particular kmd? How is it possible that of two eggs, which 
would be practically mdistmguishablc under the microscope, one is 
predestmed to produce a red-haired tall boy, the other a dark-haircd 
medium-sized gul? 

There is a great deal of evidence to support the idea that inhentance 
— the transmission of quahues or characters from one generation to 
the next — depends upon the actual transmission of small umts of 
hvmg substance in the gametes These umts are called the factors of 
heredity, or sometimes stdl more shordy thc^ffiics, and there is further 
evidence that these factors are contamed m the chromosomes 

Certam results flow from this — results, for instance, concemmg the 
numcncal proportions of difierent types to be expected on crossmg 
different strams, and, mdeed, all the subject matter of the com- 
paratively new saence called Mendehsm, after the Austnan Abbot 
Mendel, who first discovered and mterpreted the essential facts Here 
we arc concerned only with some of the more general aspects of the 
question 

A sexually reproduemg animal or plant grows up from a femhzed 
egg mto Its adult condition The feet that it grows up m its own 
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particular way, that a newt’s egg will produce a newt and a firog’s 
egg a frog, although they are scarcely distinguishable and although 
they grow up m the same pond, must depend on the eggs contai nin g 
something — ^Ict us call it the hereditary constitution — which deter- 
mines the way each shall grow up 
Mendel discovered two important laws concerrung the way in 
which the hereditary constitution of an animal (or plant) is related 



Fig 16 Diagram of fcrtibaation, contmuing Fig, 15 A, the sperm has pene- 
trated the ovum B, the sperm nucleus is swclhng up, the diromosomes are 
appearing m both nuclei (purely diagrammatic) of the haploid number {n—3) 
m either. Hie beginning of the spmdle is being produced by the sperm, c, 
fusion of nuclei of sperm and ovum, n, the spmdle is fully formed, and all 
SIX (2rt) chromosomes are arranged on its equator E, all the chromosomes 
have spht longitudinally. P, the fertiiiacd egg (zygote) has divided into two 
cells, each with the diploid (2n) number of diromosomes, one set of three (n) 
derived ficom the father in the sperm, the other three fiom the mother m the egg 

to that of Its parents. The first is usually called the law of segregation 
This unphes that the hereditary constitution is composed of a number 
ofself-reproducmg umts, presumably of a chemical nature, the/artors 
01 genes mentioned above Normally, there are two of each kind of 
unit m the body; but before gamete formation, the two members of 
such a pair segregate, or separate firom each other, so that each gamete 
has one member only of each kind of unit. The second law is that of 
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independent recombination of units It sums up the fact, chated by 
breedmg tests, that the segregation of members of different kmds of 
umts IS usually qmte mdependent 

It IS easy to see that dus is exacdy what would be expected if the 
umts were contamcd withm the chromosomes, and, as a matter of 
fact, this has now been proved to be the case The adult organism, 
whether human bemg, fly, rabbit or pea plant, has two complete 
sets of chromosomes The two members of a pair separate from each 
other at reduction, so that each gamete receives one complete set, 
recent observations have further shown that the way m which one 
chromosome pair separates at reduction is qmte mdependent of other 
pairs Thus, the smgle set of chromosomes m one gamete need not all 
have come m from the father, or all from the mother, there must 
merely be one of each land of chromosome present If we compare 
the chromosomes to cards, fertilization is hke the mixmg-up of two 
packs of cards with different coloured backs Reduction ensures that 
this double pack shall be sorted out mto two smgle packs agam, but 
pays no attention to the colours of the cards’ backs Each sorted-out 
pack will be complete m havmg one card of each kmd, but any of the 
cards may have either a red or a blue back Thus it -will be most 
unlikely that, as regards the precise combmation of red and blue 
backs, any of the sorted-out packs wiU be identical with any other, 
smee the number of possible combinations is so enormous 

Each chromosome appears to contam a large number of umts, and 
the segregation of two umts will only be qmte mdependent when they 
he m different chromosomes When they are both m the same 
chromosome they tend to stick together more often than they 
separate * 

The umts are the really important things m the hereditary consti- 
tution, and the chromosomes appear to be merely convement lengths, 
so to speak, mto which the hereditary constitution is cut up Accord- 
mgly, the cards m our simile should really be taken to represent the 
separate umts, and not the compound umts we call chromosomes, 
which would really be more like suits If we do this, however, we 

• This tendency to remam together is caDe<5 bnkagt oJ factors It u usually not complete— 
ie. ttxo factors in the chromosome can be separated from each other (by a mechanism 
into which we need not enter here), although they are not so mdependent as tu o fecton m separate 
binds of chitnnc^omcs. 
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must add one more pomt to make our analogy complete We must 
suppose that any particular card need not always have precisely the 
same value, hut that you could have one ten of hearts, say, that was 
a htde above par, and another a httle below par In terms of factors, 
this would mean that although a given land of factor always exerted 
the same general kmd of efiect m development, yet it might exist 
under different forms, with shght differences m effect For instance, 
we know that one ffetor concerned with colour production m rabbits 
may exist m at least four forms, one produemg no pigment at all, as 
m albinos; the next allowmg colour to appear in the ears and muzzle 
and other extremities, as m the Himalayan breed, the next givmg the 
chmchiUa coat; and the last allowmg full development of pigment 
The different forms of one factor are called allelomorphs 

So fex we have dealt with the generahoes of Mendehan theory 
They will become much clearer if we look at a couple of examples 
If a certam breed of black fowl is crossed with another stram which is 
white with a few black markings, the ofisprmg will all be unlike 
either parent, of a type known as the Blue Andalusian, which is a 
bluish or diluted black colour, with white “lacmg” on the feathers * 
Poultry fanaers have long tned to get a pure breed of these Andalu- 
sians by matmg them with each other, but always without success 
— the birds “threw” blacks and whites as well as produemg more 
blues 

When the subject came to be accurately worked out it was found 
that when Andalusians are mated with each other, on an average 
25 per cent of then ofisprmg are blacks, 25 per cent whites, and 50 per 
cent Andalusian again. Not only this, but the blacks bred true when 
crossed with each other, and so did the whites, but the Andalusians 
always gave the same proportions of blacks, whites, and Andalusians 
once more (Plate 7 (i)). 

These results are at once cleared up if we suppose that the black 
fowls carry faaors which make then chickens grow up black, the 
white fowls factors which make theirs grow up white 

When a black cock is crossed with a white hen, all his gametes (the 
sperms) contam one factor for black, all hers (the unfe^zed eggs) 

* Only certain definite breeds oi blacU and trhites give this result, not any black crossed mth 
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one factor for white. The offiprmg will have one of either fector, 
and their interaction will bring about the so-called blue colour 
Exacdy the same result will happen if a white cock is crossed with a 
black hen. ^ 

When a blue cock and hen are bred together, the gametes, whether 



Fig 17 Diagram to show how the Mendelian conception ofhcreditary 
umts (factors, genes) explains the foregomg results The organisms 
are represented as large circles, the genes as small circles withm them. 

In the gametes, only the genes are represented Unshaded represents 
splashed-white, black represents the gene for black, and close dotting 
visible black, sparse dotting represents visible blue. 

male or female, will contain either a factor for black, or a factor for 
white, but not both Let us call the factor for black B, and that for 
white b A B-beanng female gamete may be fertilized equally well 
by a B-beanng or a 6-beanng gamete, and similarly for a f>-beanng 
female gamctei^ Thus, four possible combinations of gametes (as 
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regards B and b) may occur at femlizaOon, and, on the theory of 
chances, will occur on the average equally often. 

(1) B-beanng by B-beanng (3) l>-bearmg by B-beanng 

(2) B-beanng by t-beanng (4) !j-bcarmg by l?-beanng. 

(1) will give a cluck with two black factors, therefore black, (2) and 

(3) will give Andalusian chicks once more, (4) will give white chicks 
Not only this, but out of every hundred chicks on the average one- 
quarter wiU be black, one-half Andalusian, and the last quarter white 
This IS made clearer by the diagram (Fig. 17) 

Accordmg to Mendel’s second law, factors for different characters 
arc inhented mdependently of each other. For instance, to take fowls 
once more, the ordinary type of comb, called smgle, depends on one 
form of a particular factor, that called rose, which is low and long, 
upon another. When a cross is made between birds with these two 
sorts of comb, the hybnd is mdisttnguishable m appearance from the 
pure “rose” stock. This mtroduces us to the fact that one form of a 
factor may mask another, and be what is called dominant to it But 
the faaor for smgle-comb is suU present m the hybnds, as is shown 
by breedmg tests. For whereas the ongmal pure-bred rose-comb stock 
gives nothing but rose-combs, the hybnds crossed with each other 
give 25 per cent pure-breedmg smgles, 25 per cent purc-breedmg 
rose-combs, and 50 per cent hybnd rose-comb birds that agam do 
not breed true. That is to say, the diflfrrence between single- and rose- 
comb depends upon a difference between two forms of the same 
hereditary factor 

Now, if we cross a black bird with a smgle-comb and a white 
bud with a rose-comb, all the oSsprmg will clearly be BlucAndalusian 
m colour, with rose-combs But we might expect either of two things 
to happen m the second generation. Either tlic factors for black and 
smgle will stick together when the first generation forms its gametes; 
and then the only pure-breedmg types we shall get will be black 
smgle-combs and white rose-combs again, like the grandparents Or 
else the factors can separate; if so, then we shall get gametes containing 
the factor for white with that for smgle-comb, and those containing 
factors for black and for rose-comb, as well as the other two types. 
In this case, m addition to types which will not breed true, we should 
get four pure-breedmg types m the second generation — ^not only 
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blacks with single-combs and whites with rose-combs like the grand- 
parents, but also two new types, blacks with rose-combs and whites 
with smgle-combs And this is what actually happens This agam is 
most simply shown m a diagram Let us call s the factor for single- 
comb, S the other form of the fector, responsible for rose-comb 
Then the results are as follows — 


parents X bb SS 

(black, single) fwhite, rose, 

parents’ gametes Bs X b S 

I 

1st generation 8b Ss (Andalusian rose, but not breeding 

true), 

A . 


1st generations’ gametes d 


'BS 

BS 

Bs 

Bj 

bS 

bS 

bj 

bj 


^in equal propor- 
tions 


Each type of gamete has an equal chance of femhzmg any other type 
of gamete, so that we shall get m the second generation the following 
pure-breeding types — 

BB SS (bbek, rose-comb), 

BEjs (black, smgle-comb), 
bb SS (white, rose-comb), 
fcfcjs (white, smgle-comb), 

as well as many other types such as Bb Ss, Bb SS, or BB Ss, which 
will not breed true 

The faa of the mdependent segregation of different pairs of factors 
IS of the greatest practical as well as theoretical importance, for it 
enables us to take to pieces the hereditary constitution, so to speak, 
and put It together again m new ways More definitely, it enables us 
to take one particular Mendchan character which happens to be 
desirable in an otherwise undesirable stram or breed, and to combme 
It with other desirable characters m another breed This has already 
been done with great success m wheat m the eiqjenmcntal plant- 
breedmg statibn at Cambndge 

A great deal of Mendehan work has been done with the tmy 
fiiut-fly Drosojihila, of which over ten milhon have been bred by 
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CED CZ? CZD CZD 

GED CZD GZD CO 



Rg 18 To illustrate Mendel's second law, by means of a cross between two 
grains of the fimt-fly Drosophila melanogaster, one pure for the recessive gene v, 
determinmg vestigial wings, the other pure for another recessive gene, e, 
detCTmming ebony body colour The corresponding genes for the dominant 
wiM-type characters are styled Fand E respectively The two genes are lodged 
to different chromosomes The chromosomes, together with their contained 
graes, arc represented diagrammatically The contam both V and E, and 
toerefore show a reversion to wdld-type In the formation of the gametes of 
^ 1 . segregation of V-v and E-c takes place indcpendcndy Thus four kmds of 
gametes are produced, FE, Fe, vE and ve These, umtmg at random, give 
out of every sixteen mdividuals m F*. 9 wild-type, three long-wmged ebony' 
^ vatigiai grey, and one vestigial ebony one of each type will breed 
true The vestigial ebony is a new combination Either character taken 
separately shows a 3 : 1 ratio 
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Morgan m Amenca in pedigreed cultures An example of mdepen- 
dent assortment m Drosophila is given m Fig 18 

Not all factor differences produce such big or such clear-cut 
differences m appearance as we have been considering Sometimes 
the effects are very small, or the effect of one factor mteracts with 
that of another, and the analysis becomes correspondingly more 
difficult. But the pnnaples discovered by Mendel remam the same — 
the hereditary constitution consists of separate umts, and these 
segregate at reduction. This discovery is on the biological plane 
somewhat comparable to the discovery of the atoimc structure of 
matter 

One pomt concenung human heredity deserves mention. People 
are often puzzled at the great diversity of physique and temperament 
and abihty between members of the same family, although bom of 
the same parents and brought up m the same home This, however, 
was only difficult to understand before we had Mendel’s pnnaples 
to guide us For such divenity is exactly what is to be prophesied if 
there is mdependent segregation of self-perpctuatmg ffaors It is 
extremely unlikely that two human gametes, even from the same 
parents, will recave an identical outfit of factors at reduction, and 
even if the mother were to achieve the improbable result of produemg 
two identically constituted ova, and the father two sperms whose 
constitutions were alike, there would agam be enormous odds (many 
millions to one) against the two similar sperms, among their huge 
crowd of competitors, happenmg to fertilize the two similar eggs 
On the other hand, if a fertilized ovum were to dmdc mto two, and 
each part developed mto a whole organism {see pp 246-7), we should 
expect both to be very similar, smee both would possess the same 
hereditary chromosome outfit This apparently is what happens m 
the production of so-called “identical” twins, which as we know arc 
often so alike as to be mdistmguishable (Plate 7 (u)) 

Anotha difficulty often raised is the fact that gemus usually is not 
mhented Again, however, this is to be expected on Mcndehan 
pnnaples If, as is probable, gemus is the result of a very unusual 
hereditary combination of factors, then at the formation of gametes 
this combmanon will be mevitably taken to pieces again. It should 
not be forgotten, however, that when we take the averages of large 
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numbers these irregularities become smoothed out, and we find a 
strong average resemblance, due to heredity, between parent and 
offspring, or between brothers and sisters The saence of biometry 
deals with studies of this sort, and is very important when we are 
dealing with heredity m human beings, as m them, of course, expen- 
mental breedmg is impossible, and the collection and handhng of 
statistics IS often the best method available 
It appears, then, that the hereditary factors not only are contamed 
m the chromosomes, but that each one is always situated m a particular 
chromosome, and m a particular spot m that chromosome Thus, 
each chromosome is different from every other, and each contains a 
great number of these factors arranged along it m a defimte order, 
each factor always keepmg between the same two neighbour factors. 
Further, it appears that by far the greater part of the factors that 
determme inhentance from one generanon to the next is situated 
m this way m the chromosomes Thus, the chromosomes are, or at 
least contam, the hereditary constimtion of the animal or plant, and 
all the chromosomes taken together, from this pomt of view, consti- 
tute one great umt, composed of a very large number of smaller umts 
— the ftctors — ^which are arranged withm the large umt m defimte 
positions, and m defimte proportions 
The whole is like a gigantic smgle orgamc chemical compound, 
smee the molecules of such a chemical compound are all made up of 
smaller parts — the side-chains and radicals and smgle atoms Here, 
however, each of the constituent units is ahve, and must have the 
power of self-reproduction, thus, the hnkmg of the umts together 
m a defimte way ensures the constancy of the whole If there had been 
an excess multiphcation of one of the factors during the restmg penod 
of a cell, even so, when the cell came to divide and the chromosomes 
to form, only the same relative amount of the factor could become 
linked up with the other factors of its chromosome So the chromo- 
somes are not only a self-multiplymg but also a self-regulatmg piece 
of machmery. 

In ordinary mhentance, then, we have the handmg down from 
parent to offspring of chromosome outfits, or, m other words, of sets 
of hereditary factors, and it is on these that the constancy of a species 
depends They deade that a fowl’s egg shall become a fowl, and a 
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duck’s egg a duck, even though they arc hatched m the same meu- 
bator They, reactmg with the environment, deter min e what the 
adult organism shall be 

Apparendy, however, shght changes sometimes occur m the fac- 
tors, usually m a smgle one at one time these changes are called 
mutations Whereas an animal may normally have red eyes or a grey 
body-colour, mutations may arise which cause it, even though 
brought up m the same conditions, to have pink eyes or a black body- 
colour (These particular mutations have actually been found m the 
htde fly Drosophila ) When mutations occur, they are inhented in 
Mendehan foshion, the separation of pairs of chromosomes at 
reduction, and the subsequent meetmg of vanous sets at random m 
fertilization, shuffles and rccombmes m every possible way any 
mutations that do occur 

Thus, while the chromosomes m general act as a regulator of the 
constancy of the race, the occurrence of mutations and their subse- 
quent combination m new ways by sexual reproduction provide the 
possibihty of change The idea of separate factors is important, for it 
means that when we are deahng ■with an anim al’s hereditary consti- 
tution we have not got to take it as an undivided whole, but as 
something which can be analysed mto separate umts, just as a chemical 
substance can be analysed mto different elements m defimte propor- 
tions and arrangement. 

With this m mmd we can turn to another question. We have 
discovered m outhne how mdi-viduals are connected ■with and related 
to other mdmduals of the same speaes, now we must ask whether 
whole speaes are not perhaps comected •with or related to other 
whole speaes 

There is always a struggle for existence going on m nature From 
each pair of frogs that breeds, over a thousand fcrahzcd eggs arc 
produced every season, and yet the number of frogs does not 
mcreasc from year to year There is, m fact, m every organism an 
over-production of young, and consequently competition Smcc 
this t^cs place m all speaes, there is what we may metaphoncally 
call a pressure of life, the demands upon space and subsistence are 
greater than the supply, and m every generation only a few of the 
young produced Can reach matunty 
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There is furtlier the fact of the hereditary transmission of characters, 
and the ongm of new characters by mutation and recombmation. 
In other words, organisms are continually varymg, and some at 
least of the new vanations can be inherited 
As an mevitable consequence, if a new mhentabie variation appears 
which IS of any advantage whatever m the struggle, it will help its 
possessor to survive, and so will on the average be transmitted to later 
generations more often than other vanations which are useless or m 
any way harmful. The new vanation may be directly useful m com- 
petition with the other members of the speaes, as for instance if it 
made its possessor more easily able to secure its prey, or it may 
remove its possessor firom competition with the others of the same 
speaes by fitting it to another set of conditions In any case, the 
struggle or pressure of life on the one hand, and on the other the fact 
that vanation does occur and can be transmitted, wiU lead to what 
Darwm called Natural Selection — the survival of types possessmg 
useful vanations, m preference to any other types 
This wiU explain the fact that animals are adapted to theur surround- 
mgs, smce the unadapted or less well adapted could not survive; it 
wdl also explam the fact that when we find a number of speaes of 
animals all possessmg the same general plan of structure, the different 
speaes are generally adapted to hve m different conditions, smce any 
vanation enabhng its possessor to hve m new conditions wiU remove 
It from competition with the other members of the speaes For 
instance, the general plan of all frogs and toads is very similar, but 
some hve near water, others m dner places, some altogether m water, 
others on trees, and so on. 

The only explanation, m ffct, of the resemblance m structure 
between different frogs and toads is that they are all m very truth 
related, descended through milhons of generations from a common 
ongmal ancestor; and the explanation of their differences is that they 
are due to vanation and natural selection, the random raw matend 
of the former bemg sifted by the latter 
The backbone of the evolution theory is that ah. speaes have 
descended from other pre-existmg speaes, and the backbone of the 
generally current explanation of evolution is that adaptation is due 
to variation (mutation) acted upon by natural selectiom 
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Now frogs and toads resemble newts and salamanders m many 
pomts of their organization, for instance, m their moist, scalcicss 
skin, m the structure of their heart, and m their development through 
a tadpole stage, and accordmgly, they are all classed together as 
amphibians Snakes, lizards, tortoises, and crocodiles, on the other 
hand, have scales, their heart is a trifle more compheated, and they all 
develop inside a large-yolked egg with spcaal protecting membranes 
round them, and they are accordingly all classed as reptiles 

When we classify a number of anim als together m this way, we 
are not merely pigeon-hohng them for convemcnce, we pigeon-hole 
them m this one particular frshion because we beheve them all to be 
descended from a common ongmal ancestor The classification aimed 
at by zoology is a natural classification, aiming at a groupmg of 
anim als according to their blood relationships Thus, we beheve that 
all frogs, toads, newts and salamanders are descended from a common 
ancestral form with an amphibian organization, and all snakes, 
lizards and other reptiles from a common ancestor with a rep tilian 
organization 

But the organization of amphibia has many pomts m common 
with reptiles, as also with fish, and with birds and with niiamnials, 
mcluding, as we previously pomted out, man himself All of these 
animals possess gill-shts and a notochord at some stage of their deve- 
lopment, a backbone, red blood, a nervous-system lying along the 
back, and so forth, they are therefore all classed as vertebrates (or 
chordates, with reference to the notochord), and there is no escape 
from the conclusion that, m the course of an exccedmgly long space 
of time, to be reckoned m tens or perhaps himdreds of millions of 
years, they have all descended from an ongmal common ancestor 

Behef m the occurrence of evolution, qmte apart from any theory 
of how It has happened, is forced upon us by numerous sets of facts, 
which remam qmte unexplamed on any other supposition. In the 
first place, as already mentioned, there is the fact that animals can be 
arranged m groups (such as the vertebrate group), each group with 
a smgle general plan of organization, and that withm each group 
there are sub-groups with their own speaal modification of the 
general plan (e g , birds or the amphibians withm the vertebrates) 

Secondly, we have the fact that ammals durmg development often 
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Rg 19 Homology and convergence In members of the three classes reptiles, 
mammals and birds, effiaent fiymg organs have mdependently evolved 
(convergence) The fore-hmb is always utilized as the mam part of the wmg, 
and Its general plan is retamed throughout (homology) But the details are 
different m each case The mam support (apart from the upper and lower 
arm bones) is, m the pterodactyl, the fifth or “httle” finger, m the bat, the 
second to fifth fingers, m the bird, the quills of the feathers Accordmgly, 
only m the bird is the hind-hmb not required as part of the support of the 
wmg, and is left ftee for other functions 
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pass through stages m which they resemble other and usually w. 
ammals of the same group * The frog m the tadpole stage has ^lls, 
and even the embryos of fowls and men possess giU-shts Both &og 
and man, although tailless when adult, possess tads when young 
(Plate 11) AH this is very difficult, if not impossible, to explain unless 
we suppose that our remote ancestors, and those of birds and frogs 
as well, hved m water and possessed giU-shts and gills (Fig 12 and 
Plate 10) 

Thirdly, we have the existence of vestiges Vestigial, or as they are 
often mcorrectly called, rudimentary organs, arc organs which are 
of httlc or no use to their possessor, although m related forms they 
are larger and obviously have a function. In man, for example, the 
appendix, the hairs on the body, the fold of skm at the inner comer of 
the eye, and the skeleton of the tail are wholly or partly vcstigiaL 
They exist today chiefly becameourancestorsposscssedthemmmore 
developed form The fold of skm m the inner comer of our eyes, for 
instance, is the remains of the large movable third cyehd of many 
lower animals In whales the whole hmd-limb has become vestigial 
(Fig 91) Ifyou look at the hairs on the outer side ofyour arms, you 
will find that on the upper arm they pomt obhquely downwards, on 
the fore-arm obhquely upwards — all of them, m fact, towards the 
elbow That is no good to you. But it appears that some of the ape 
have the habit of keepmg their bodies dry m the ram by claspm' 
their hands m front of their nccL The ram runs down the hau 
towards the elbows, these are a htde out from the sides, and the lor 
hairs suck out from them to form a kmd of spout, from whose ei 
the ram pours off nght away from the body 

Fourthly, we have the fact that m speaes of the same group wh 
are adapted to different methods ofhfe, the same plan recurs m org 

• This IS caDed th« Law of Recapitulatioa, It is often stated m the form given to it by Ha 
that evcr> animal in the course of its individual development tends to recapitulate the lust' 
the race. But the discoverer of the lav. — von Baer— only stated that the early stages of r 
ammals rt^emblc each other more than the adults. And careful analysis shows that the an 
stages do not represent the aduli stage* of bygone ancestors^ bat stages m their develq 
A mm passes through a stage with gill shU because the embrj^ of some remote ancestor 
had gill slits, not directly because the adult ancestor had them In some cases the ch 
recapitulated are obviously those of a larva and could not have been those of an adult 
for instance, of the three segmented nauphus of Crustacea (Fig 1) Lsually, howmer, the 
omc ancesti^ cbaiacteis arc nmilar to the adult ancestral characters, as with (he recapi 
of gill sbts or notochord, becau«e the ances tr al form possessed the character m question 
earliest stages of its development onward^ os m a hsh today gill sbts appear in the 
primary diUrrcnuation and persist throushout life 
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adapted to the most difierent uses For instance, m the skeleton of the 
fore-hmb in all land ammals, although bones may fuse together m 
some, or altogether disappear in others, the same general plan recurs 
throughout This one plan can be seen m the supporti ng hmb of a 
frog, the paddle-hke fore-hmb ofa whale, the runnmg hmb of a horse, 
die flymg limbs of birds and bats, the arm of man Great difference m 
detail of adaptation, together with great sinulanty m general plan — 
it IS difficult to account for this except by common ancestry and a 
common plan gradually modified m ffie course of evolution (Fig 19 
and Plate 1 (i)) 

FmaUy, and most conclusively, the fossil remains of animals firom 
earher penods of the earth’s history often show us actual mter- 
mediate stages m evolution For example, the horse has m its fore 
foot but one finger which it uses, together with two tmy vestigial 
fingers, the sphnt bones If we accept the idea of evolution, we must 
suppose that these vestigial fingers were once used, and as a matter 
of fact, if we look at fossils ffom a certam penod (the Miocene penod 
of the Tertiary epoch), we find no true horses, but animals which, 
though very like horses m most ways, possess three well-formed toes 
on the foot (Fig. 57 and Plate 1 (u)) 

Again, to take an illustration on a large scale as well as one on a 
small, if we go back steadily m the history of the earth, we come to a 
time when man did not exist, or at least no traces whatever of his 
existence are to be found preserved m the earth’s crust. Then, long 
previously, to one when all the mammals were small and primitive, 
and all the birds toothed, then, to a time when there were no mam- 
mals or birds at all, but great reptdes, many of types now unknown, 
were the dominant hvmg thmgs, before that, to a time without 
reptiles, when amphibia were the only land vertebrates, and before 
that agam, to a world without land vertebrates at aU, but stdl with 
fish in the sea, and finally, a stage is found m which there are no fish, 
but only manne mvertebrates (Figs 55, 82) 

The study of heredity showed us that each mdividual arose firom 
actual portions of hvmg substance which had once formed part of 
other mdmduals The study of evolution shows that speaes arise 
fixira other speaes Withm a smgle speaes there are a number of 
parallel streams of hvmg substance flowmg through the generations; 
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but these parallel streams may diverge, and the orig inal speacs 
branch mto two Smce each speaes has evolved out of another speaes, 
and each mdividual grows from a detached part of another mdividual, 
the whole ofhfe must be looked on as a single mass of hving substance, 
flowmg on m time, and divided m the course of its history mto a 
number of separate courses of different size, the mam groups, the 
smaller groups, and the speaes The alterations m the branches of tins 
mass of hvmg substance we call cvolutiom 


CHAPTER THREE 


EXCHANGES OF MATTER AND ENERGY 

Although there are many features of animal and human 
/ Ahf e which have not yet been, and perhaps never will be, explamed 
m terms of physics and chemistry, still we can apply to animals, 
mcluding man, certam great pnnaples, such as the laws of the con- 
servation of mass and energy, without restncoon It will be necessary 
to give a bnef proof of this statement, for if it were not true we could, 
for example, never be certam that a man was not obtammg energy 
from unknown sources, m which case physics would be of very httle 
use to the biologist 

If we put a man on a very sensitive balance it is impossible to obtam 
his weight qmte accurately, because at every swmg the scale contam- 
mg the man rises shghtly higher He is losmg weight, that is to say 
losmg matter, at every moment of his life Obviously, some of this 
matter is water vapour At the body temperature the breath is 
saturated with water vapour which condenses mto drops on a cold 
surface or m cold air Besides this there is a constant shght loss of 
water vapour from the skm even m the coldest weather, and m very 
hot weather a man may lose over a kilogram of sweat an hour 
Besides water vapour we are always losmg carbon dioxide in our 
breath, and a very htdc from our skm This may be easily shown by 
breathmg out through a tube dipped mto lime water (CaOaHj). The 
carbon dioxide of the breath combmes with this to form a white 
preapitate of chalk (CaCO*). We can measure the production of 
COj and HjO very accurately by puttmg aman, or better, an ammal 
such as a dog or mouse, mto an airtight box Air is passed mto this 
box through botdes contammg strong sulphunc aad (to absorb 
water vapour) and caustic soda (to absorb carbon dioxide) On 
leavmg the box, it passes through similar botdes, and by weighmg 
them we can determme the animal’s output of carbon dioxide and 
of water (Fig. 20) Nothmg else m weighable quantity has been 
added to the expired air, but it has lost oxygen, as may be proved by 
takmg a sample and makmg the oxygen m it combme with hydrogen 
or some other easily oxidizable body 
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The man or ammal has therefore gained some oxygen from the 
air and given up carbon dioxide and water to iL Besides these, in the 
course of a day he will eat, dnnk and excrete, and we can weigh his 
food, dnnk and excretions, and thus construct a balance sheet. The 
following represents a typical day’s balance sheet for a resOng man 
weighmg about ten stone 


Gam 

Loss 

Food, 1 1 kJogtams (of which 0-60 
kilogram is water) 

Dnnk, 1 5 kilograms of water 
Oxygen, 0 7 kilogram, or 500 htres 

Sohds (mostly dissolved in urme), 
70 grams 

Water excreted, 1 3 kilograms, 

Water evaporated, I I kilograms 
j Carbon dioxide, 0 82 kilogram, or 
425 htres 


This leaves him with a gam of 10 grams for growth, and if he is 
weighed before and after the experiment he wdl be found to have 
gamed 10 grams It is clear from the above balance sheet that much 
the most important chemical change takmg place m the man is the 
combination of the carbon and hydrogen of his food with the 0 7 
kilogram of oxygen to form 0 3 kilogram of water and 0 82 kilogram 
of carbon dioxide Now this is exactly the same change which occurs 
if we bum the food, a fact discovered by Lavoisier m the eighteenth 
century Hence, if we put our man or animal mto a calorimeter for a 
day and measure his heat production, and then bum m another 
calorimeter a quantity of food exactly equal to the amount which he 
has eaten, we can make an energy balance sheet like the mass balance 
sheet produced above Various allowances must be made, of which 
the most important are the following Some of the solids excreted 
are not entirely oxidized, so we must bum them in a calorimeter and 
subtract the energy thus obtamed from that of the food Agam, some 
energy has been wasted m evaporatmg water (1 1 kilograms of water 
require 630 kdocalones* for their evaporation) We must also allow 
for the energy of any food which is stored up but not oxidized If 
the man is m a calonmeter all his external work will be converted 
mto heat by fincuon, for example, he may be made to nde a fixed 

• The kilocalone oi 1 000 calories is the raut of energy which ts moat useful fn human physiology 
It is sometimes called the large caJone *' 
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bicycle With a brake. We can now construct an energy balance sheet 
as follows for the resting man considered above* — 


Gam 

Less 

From food, 2,400 kilocalones 

Less waste from unoxidized excreta, 
150 kilocalones 

Net total gain, 2,250 kilocalones 

Heat lost by conduction and convec- 
tion, 1,500 kilocalones 

Latent heat of water evaporated, 
630 kilocalones. 

Heat used m warmmg food and dnnk 
to body temperature, 60 kilo- 
calones 

Total loss, 2,190 kilocalones 


This leaves him with 60 kilocalones stored up (probably mosdy as 
fat) for future use It has been found by experiment that the more 
accurately all the measurements necessary are made, m an expenment 
of this kind, the more nearly do the gain and loss of energy balance, 
so long as the body neither gams nor loses matter. That is to say, the 
law of the conservation of energy holds for men and animals They 
do not obtain energy from any mystenous sources, nor do they 
convert it mto any forms which cannot be reconverted mto heat. 
The energy arises from the recombmation of oxygen with carbon 
and hydrogen, from which it has been separated by plants The 
carbohydrates, fats and proteins formed by the plant are largely eaten 
by Wmals, which use them partly for growth and repair, but mainly 



Fig 20 Method of detennnung the gaseous exchange of a small a nimal 
N, A, B and D contain pumice soaked m strong sulphuric aad to absorb water 
vapour X contains a mouse, M and b a mixture of soda and lime to absorb 
carbon dioxide Air is sucked through by the pump (z) on the nght, to which 
is attached a gauge (y) The mouse therefore gets air free from CO- and HjO. 
The HjO breathed out by it is caught m a and b, its CO, m c, and any lio 
ci'aporatcd from c m d Hence the increased weight of c and D gives die 
animal’s CO 3 output, the mcreased weight of x. A, b, c and u together its 

O 2 consumption- 
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as a source of energy A carnivorous animal obtains its energy 
second- or third-hand from the plant, but in the long run all amrnal 
energy, just like the energy denved firom coal, is stored sunhght 
We can now consider the energy values of different foods, and the 
energy requirements of different classes of people Foods consist of 
water, salts, carbohydrates, hits and proteins Energy can be 
obtamed from the oxidauon of the latter three Proteins are not 
completely oxidized by animak, so we have to deduct the energy 
value of the unoxidized remnant from that of the original proton. 
When this deduction has been made we find that the energy values 
are as follows — 


1 gram carbohydrate =41 kdocalones 
1 gram fat = 9-3 „ 

1 gram protem =41 „ 

That IS to say, fat is more than twice as good a source of energy, 
weight for weight, as any other food It must be remembered t^t 
while fatty foods such as butter and lard contam very httle water, and 
bread, which is our greatest source of carbohydrate, contains only 
about 10 per cent, lean meat, though most of its sohds are protein, 
contains 75 per cent of water We obtam most of the energy we need 
from carbohydrates and frts The proteins, though they also supply 
energy, are mainly required for the growth and repair of pur 
bodies 

The accompanying table shows the energy values per pound of a 
number of foods, and the number of calories that could be bought for 
a s hillin g when this table was compiled. 



Kilocalorifs 

Kilocalories 

Protein 

Food 

per lb 

per shilling 

percent. 

"White Bread . 

1,200 

5,760 

8 

Buemts 

1,900 

1,750 

10 

Oatmeal 

1,810 

5,430 

15 

Sugar 

1,815 

6,400 

0 

Milk 

314 

1,260 

33 

Butter 

3,490 

2,090 

1 

Cheese (Cheddar) 

2,080 

2A00 

28 

Lard , 

. . 4,090 

4,260 

0 

Beef (round, lean) 

650 

650 

20 

Beef (rump, At) . 

1,360 

630 

13 
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Ktlocalortes 

Kilocalories 

Protein 

Fooj} 

per lb 

per shilling 

per cent 

Bacon 

2,370 

1,580 

9 

Hemngs (fresh) 

360 

720 

11 

Potatoes 

300 

3,610 

18 

Cabbage 

120 

1,450 

14 

Apples 

215 

430 

03 


The energy requirements of a man or animal vary, like those of a 
machine, according to the amount of work he is domg, but, unlike a 
machine, an animal, even when restmg completely, needs a con- 
siderable amount of energy, partly for mtemal movements, such as 
those of the heart, the gut, and the muscles concerned m breathing, 
pardy, m the case of warm-blooded animals, to mamtam the body- 
temperature Above this minimum, additional energy is reqmred 
according to the amount of work done An individual muscle, say 
the biceps of the upper arm which bends the elbow, may have an 
effiaency as high as 40 per cent, that is to say it can turn mto work 
nearly half the energy that it denves firom food and oxygen, but if we 
consider the body as a whole the effiaency is a good deal less, smce the 
heart has to work to supply the muscle with its blood, the lungs and 
gut to supply the blood with oxygen and food, and so on, m which 
process much potential energy is converted mto heat by mtemal fric- 
tion As a matter of fact, we find that the effiaency of the body as a 
whole is never more than about 25 per cent. Even this, however, is 
greater than the effiaency of any heat engme of the same weight The 
advantage of mechanical over animal power is not that the machme 
IS more effiaent, but that its fuel is cheaper, and that it does not waste 
energy while it is not workmg 

If we take a man’s output of energy per mmute when lymg down 
as 1, It wdl be about 1 4 when he is standmg, 4 when he is walking at 
three nnles an hour or domg moderate work with his arms, 10 durmg 
fairly hard work, 15 durmg the most violent exertion of which he is 
capable for any length of tune, and over 50 durmg very violent work, 
such as a hundred-yard sprmL His mtake of oxygen and output of 
carbon dioxide vary duecdy with tlie amount of energy set firee, and 
if he is to keep up his weight he must eat enough food per day to sup- 
ply die energy which he is hberatmg The followmg table shows the 



ANIMAL BIOLOGY 


178 


energy requirements in kilocalones per day of different workers each 
weighing about 65 kilograms (10 stone) — 


Profession 

Clerk 
Tailor 
Cobbler 
Metal worker 
House painter 
Carpenter 
Stonemason 
Woodcutter 

Cyclist (racing for 16 hours) 


Energy needed in food 
2,410 
2,510 
2,940 
3,290 
3,500 
3,550 
4,660 
5,400 
10,240 


The cyclist probably could not cat the required amount of food per 
day, and so had to use up his own fat as a source of energy 
The energy output of a restmg warm-blooded animal (mammal or 
bird) IS proportional to its surface, not to its weight or volume Thus 
if two dogs are of the same shape, but one twice as long, high and 
broad as the other, it weighs eight tunes as much, but needs only four 
times as much food per day, as its surface is only four times that of the 
small dog Thus children need a great deal more food per pound of 
their own weight than do adults for energy production alone, besides 
then requirements for growth Similarly if we compare a large cart 
horse weighing a ton with a ton of men (13), a ton of fowls (500), 
and a ton of mice (55,000), their food requirements will be propor- 
tional to their total surfaces, and the men will need 3 7 times as much 
energy per day when at rest as the horse, the fowls 8 times, and the 
mice 25 times This law does not hold for “cold-blooded” animals 
Although m the long run the oxidation of food is our only source 
of energy, yet a muscle or gland can work for a short tune without 
any oxidation The immediate source of muscular energy seems to be 
the breakdown of a compound of sugar and phosphonc aad mto 
lactic and phosphonc aads This chemical reaction is used as a source 
of work, but to put its products together agam so that they can furnish 
more work, sugar must be oxidized, so a muscle cannot work for long , 
without bemg supphed with oxygen In a sprint of 100 yards the leg 
muscles work faster than we can supply jicm with oxygen, and arc 
very short of it at the end So if m running a quarter-mile, a runner 
sprinted dunng the first 100 yards, his muscles vrould be short of 
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oxygen for the rest of tic race, and would work meffiaently. It is 
better to put ofif the spnnt to the end and run less rapidly at first, so 
that the muscles are able to get all the oxygen that they need. 

Our energy reqmrements can be made up in various ways, just as a 
fire may bum coal, wood or peat. Thus a diet of 135 grams protein, 
80 grams fat, 500 grams carbohydrate wdl furnish 3,350 kilocalones, 
but withm fairly vide hunts we can replace one food by another 
yieldmg the same amount of energy. Fifty grams of the protem could 
be replaced by 50 of carbohydrate or 21 of fat without reduemg the 
protem mtake below what is needed for repairs But we cannot make 
out a dietary on a basis of energy alone The tissue proteins are always 
breakmg down, and need a certam minimum of protem food to build 
themselves up agam; whilst a growing child, a pregnant or nursing 
woman, or a man recovetmg ftom lUness or buildmg new musde 
durmg training, needs more than this All lands of protem are not of 
equal value A vegetanan, if he does not take milk or cheese, must eat 
more protem than a meat-eaterto keep m health, as vegetable protems 
are generally less digestible than those of ammals, and on digestion 
yield products which are not m the best proportions for buildmg 
animal tissues. 

We also need vanous morganic substances besides water, for exam- 
ple, calaum salts for our bones, iron salts for our hscmoglobm, sodium 
chloride for our sweat. Fmally, our diet must contam small quantities 
of at least four, and probably five or six, different organic compoimds 
generally called vitamins We do not know the exact composition of 
these, though we know a good deal about them, for example, that one 
IS a base (hke quinine or adrenaline), two others soluble m oil hkp. a 
fat or wax, and so on. Vitamm Ais a fat-hke and soil-soluble substance 
found m leaves and many natural ftts and oils It is necessary for 
growth, and a shortage of it leads to eye troubles and loss of immumty 
to vanous diseases B is easily soluble m water and probably a base. 
It IS found in many hvmg tissues, notably yeast and the embryos of 
cereal grains. Its absence leads to a failure of growth, and to affections 
of the nervous system C is water-soluble and easily destroyed by 
oxidation. It is found especially m fimt and leaves Its absence leads to 
scurvy. D has properties and a distnbution s imilar to those of A Its 
absence leads to nckets and bad teeth, but it is formed whenever an at 
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present unknown precursor, related to cholesterol, and a constituent 
of most cells, is acted on by ultra-violet radiatton So a plentiful 
exposure of the skin to sunhght will make up for a defiaency of it 
E IS an oil-soluble substance found espcaally m wheat embryo Its 
absence causes stenhty, but not ill-health This list is probably not 
complete Some of the vitanuns, espeaally C, arc hablc to be destroyed 
by over-cooking, others are often removed with the bran in milling 
gram, so that human diets arc often short of one or another of them 
Most plants can make some or all of them, and some animals do not 
require them all 

To sum up, a complete diet must mdude morgamc substances, 
orgamc bodies which can be oxidized to yield energy, and a number, 
probably about twenty, of different orgamc compounds which the 
animal body cannot itself build up 



CHAPTER FOUR 


TRANSPORT IN THE BODY 

E nergy is constantly being hberated m every part of the 
body as the result of chemical changes, so we must study the 
methods by which food and oxj'gen are distnbuted, and waste pro- 
ducts removed We may begm with the exchange of gases, which m 
our case we call breathing In simple animals like jelly-fish and many 
worms there are no speaal organs for this purpose Dissolved oxygen 
soaks through their skins fi-om the water m which they hve, and dis- 
solved carbon dioxide soaks out. In somewhat more compheated 
creatures like the earth-worm there is a speaal fluid, the blood, one 
of whose fimctions is to carry oxygen fi:om the skm to the mtemal 
organs, andcarbon dioxide back In the most advanced water-dwellers 
we find speaal tufis of thin skm, the gills, mto which blood is pumped 
by a heart or hearts, so as to expose it to water with which it may 
exchange gases. Gills may be naked, as m the young tadpole, but 
usually, as they are very dehcate, they are protected by hds or pouches, 
as m fish or lobsters, where they he behmd the head on each side. In 
air-breatinng animals there are two qmte different kmds of breathmg 
organ In insects and spiders, air is earned to every part of the body by 
tmy branchmg tubes called trachea:, which open by numerous pores, 
mamly on the sides of the abdomen (Fig 21) In air-breathmg verte- 
brates and molluscs the blood is exposed m the lungs to air which is 
contmuaUy renewed by the act of breathmg Some arumals combme 
several methods Thus a frog can use its skm alone for breathmg so 
long as It does not need much ox}'gen, but it normally emplo}^ its 
lungs as well 

The hhman lungs are elastic organs of a spongy texture, consistmg 
of milhons of very small cavities which open mto stiff tubes called 
bronchi These m turn open mto the wmdpipe m the front of the neck. 
Smee air cannot enter the space between the lung and the chest wall, 
the lungs expand when the chest is expanded This can happen m two 
different wa^'s In the first place the diaphragm, a sheet of muscle 
separating the chest and belly, and bulgmg upwards mto the former, 
may contract and force the contents of the belly dovmwards and out- 
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wards This pulls the bases of the lungs down, and draws air into them. 
Or the muscles which he between the nbs may contract so as to bring 
the nbs, which normally slope downwards, mto a more honzont^ 
position. The breast-bone is thus pushed away from the vertebral 



t 


Fig 21 Final ramifications of tracheae (trachcolcs) in a cater- 
pillar t, a small trachea, prevented firom collapsmg by its 
spirally wound chitmous thickenings e, a cell m which con- 
nexion IS made between a trachea branch of smallest size and 
a number of tracheolcs, c These contam air-channels less than 
Ifi m diameter, which run withm the bodies of elongated 
cells, whose nuclei arc seen m the figure, and require no special 
strengthemng m their walls (From Imms, afier Holmgren.) 

column, while at the same tune the diameter of the chest from side to 
side is mcreased, and the lungs expand to fill the extra volume Muscles 
actmg m the opposite direction force the air out agam if necessary; 
generally the elasoaty of the lungs is sufSaent Thus the air to which 
the blood m the lungs is exposed is constandy being changed. The 
inspired air contains 21 per cent of O, and only 0 03 per cent of COi, 
wlnlst the expired air (after bemg dned) contains about 17 per cent 
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Fig 22 A hiirnan heart seen from the nght, with nght 
auncle and nght ventnde opened 1, anterior (supenor) 
vena cava, 2, postenor (mfenor) vena cava; 2', hepatic 
veins, 3, nght auncle, 3' is just to the left of the aperture 
of the coronary vcm, which returns blood from the 
substance of the heart, 4, 4, nght ventnde, 4', one of the 
papillary musdes, attached by chordae tendmeae to 5, 
5', 5', the tncuspid valve between right aunde and nght 
ventnde, 6, wmdow cut out to show cavity of the 
pulmonary artery, at whose base three semilunar valves 
are seen, 7, ductus artenosus, denved from part of the 
embryomc artcnal arch system, and connecting pul- 
monary artery with 8, the aorta; 9, artenes to head, neck 
and forc-hmbs, 10, part of left aunde, 11, part of left 
ventnde (Allen Thomson ) 
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of Oj and 3 per cent of CO,. To understand how this change occurs 
we must study the orcujation of the blood. 

The blood flows to and from the heart, as we have seen, through a 
closed system of tubes known as artenes, veins, and capillancs It leaves 
the heart by the artenes, which are comparatively thick-waUed, and 
seldom near the surface, and returns by the veins, which have thinner 
walls, and often he just below the skin. It passes from the artenes to 
the vems by the capillancs, which are too small to be seen with the 
naked eye, but arc found m almost every tissue The most easily felt 
artenes m man arc those of the wnst and temple, the most easily seen 
veins those on the back of the hand and foot Finally, the heart, which 
pumps the blood round, is a hollow musde with four chambers, lymg 
between the lungs, and about as large as the two fists together A 
diagram of the course of the arculaoon m man will be found m Fig 
23 The blood from all parts of the body except the lungs enters the 
heart from behmd, near the nght-hand top comer, and flows mto a 
chamber called the nght aunclc This contracts rhythimcally (the 
average rate m a grown man at rest is about seventy times a mmute) 
and forces its contents mto a thicker-walled chamber lymg below it, 
the nght vcntnclc As soon as this is full it contracts m its turn The 
blood IS prevented from returmng mto the aunclc by a valve, called 
the tncuspid It therefore finds its way out through the pulmonary 
artery, which leads it to the lungs The semilunar valves at the base of 
the artery prevent it from flowmg back mto the ventncle when this 
relaxes at the end of its stroke In the lungs it has to pass through capil- 
lancs m the walls of the au sacs, so that it is only separated from the 
au by a very fine membrane, and can easily lose its carbon dioxide and 
take up oxygen It returns from the lungs by the pulmonary vem, this 
time to the left aunclc, which contracts at the same tunc as the nght 
aunde, and fills the left ventndc The left ventncle, which is assisted 
by valves not unlike those on the nght side of the heart, forces the 
blood mto the largest artery, an elastic tube called the aorta, from 
which It is distnbutcd all over the body by the other artenes (Fig 22) 

One way of forcing it roimd through the narrow capillancs would 
be to have a cistern at the top of the head from which it flowed down 
again, but this arrangement would dearly not work when its owner 
lay down. In reahty, a fairly steady pressure is kept up by the fact that 
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the walls of the aorta and the artenes are always stretched, and con- 
tinue to squeeze the blood along between the strokes of the ventndes 
The pressure in man is about that of a column of blood 1*7 metres 
high, 1 e , equal to the head of blood which would be obtamed from 
a astern 1 7 metres above the heart. The heart of a grown man at rest 


dehvers about 8 htres per minute, or just over 100 cubic centimetres 
per beat During exercise the heart may dehver three or four times as 
much per mmute, mostly as the result of an increased number of beats 
per mmute The beat of the heart which is felt below the fifth nb on 
the left side is due to the left ventnclc stnkmg the wall of the chest 


each time it contracts and stiffens 


The blood is squirted along the artenes at a rate which may be as 
high as 50 centimetres a second, and each fresh wave causes a pulse m 
the artery If an artery is cut, the blood comes m a senes of spurts from 
the side nearest the heart, and can be stopped by pressure on the heart 
side of the cut. It is easy (and safe) to stop the pulse m the wnst by 
pressing on the same artery higher up, either inside the elbow or inside 
the upper armjust below the armpit, where it can be felt 

The blood flows through the capiUanes very slowly, at about half a 
millimetre per second Their average length is about a millimetre, 
while then diameter may be less than 0 01 millimetre Then very thin 
walls allow water, gases and dissolved substances to be exchanged 
between the blood and the tissues with great ease (Fig. 24). 

From the capillaries the blood oozes gently mto the veins They 
have no pulse, and a comparatively small pressure and rate of flow 
A cut vem bleeds steadily and the flow can be stopped by compressing 
the side away from the heart. The flow of blood m the veins is assisted 
by the presence of valves m them, which only alio w it to move towards 
the heart If the finger tip be run along one of the veins of the fore-arm 
away from the heart, the vem will dilate on the heart side of each valve. 
When therefore the contraction of vanous muscles squeezes the veins, 
the blood can only flow towards the heart If a man stands qmte stiU 
the blood tends to accumulate m the vems of his legs, and he is liable 
to frmt from failure of the supply to his bram. When he starts walking 
the blood is at once squeezed out of these vems 
The only veins m man which do not lead straight back to the heart 
are those from the digesuve canal and some other abdommal organs. 
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Fig 23 Diagram of the course of the circulation m man. The blood entering 
the right ade of the heart by the mam vein flows mto ILA , the nght aundc, 
thence, through a valve, mto R.V, the nght vcntnde, which pumps it, 
through a valve, down Pjl , the pulmonary artery, to the lungs, Lg The 
blood here flows m capillanes, and is then gathered up into the pulmonary 
vem, P V , and taken to the left side of the heart, entering the left atmcle, Lji,, 
then (through a valve) the left ventridc, L.V , and by this bang pumped out 
(again through a valve) into the aorta, Ao Some of the blood (y4^) goes to 
the head and anterior octremities, whence it is returned by the antenor vena: 
cavx (1^), mto which discharges the noam trunk of the lymphatic system, 
the thoraac duct (ThJD ) The rest (A‘) goes to the trunk and hmd-hmbs 
That which supphes the digestive tube (Al ) passes to the hver (Lr ) by the 
hepatic portal vem (VJ’ ), the hver also recaves arterial blood direct by , 

the hepatic artery The hepatic vein, H joms the vans from the other 
postenor regions, V^, and flows to the heart m the mfenor vena cava, VC I 
Let denotes the lacteal lymphatic vessels from the mtestinal wall, Ly ordinary 
lymphatia (Huxley, Lessons m Elementary Physiology, 1915 ) 
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wlucli pass into the hver. Here, as we shall see later, the food absorbed 
by the blood firom the gut is dealt with (Fig 23) As the hver needs 
oxygen, it has also a supply of fresh artenal blood 

In most other animals the circulation is somewhat different. Thus 
m a fish the blood only goes once through the heart m a complete 
journey, instead of twice, and it all passes through the giUs before 
gomg on to the tissues In the frog, m keepmg with its two ways of 
breathing, we have a condition almost half-way between that found 
m fish and men (p 123) 

We must now consider how the blood acts as a earner of oxygen 
and carbon dioxide Water at body temperature wdl only take up one 
two-hundredth of its volume of oxygen from air; if the blood were 
no better than this we should need a heart working forty times as fast 
as the one we have Actually the oxygen is earned round m loose 
chermcal combination with a body called haemoglobm This is a pro- 
tein, but contains iron as well as the usual carbon, hydrogen, oxygen, 
mtrogen and sulphur. It is of a purple colour, but becomes red on com- 
binmg with oxygen, which it readily takes up from the air Thus the 
blood m the vems is purplish, but if exposed to air either m the lungs 
or by opemng a vein, it at once becomes red The haemoglobm which 
It contains enables blood to hold eighteen volumes of oxygen per 
cent, which is six-sevenths of the amount contamed m the same 
volume of air, and about forty times what the blood could carry 
without haemoglobm Smee blood cames dissolved sohds as well as 
gases, a smgle set of capiUanes supphes the tissues with all that they 
need for activity, growth and repair, besides removmg most of the 
waste products The carbon dioxide produced m the tissues is mainly 
earned, not m solution as such (COj), but m combmation as sodium 
bicarbonate (NaHCO,) 

If we look at a drop ofblood under a rmcroscope we see that it con- 
sists of a clear flmd full of htde reddish-yellow bodies about 0-007 
mi llim etre in diameter, shaped hke a round biscmt, with a depression 
on either surfree They can just be seen with a powerful hand-lens 
A cubic millimetre ofblood contams about five milli on, and, as a man 
has about 4 htres ofblood, the total number m his body is about 20 
milhon million, or far more than the number of men who havehved 
smee history began, or probably at all Their total surface is about 

M S T • — G* 
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1,500 tunes the sur&ce of the body All the haemoglobm of the blood 
IS contained in them, and they therefore carry round the oxygen from 
the tissues Their huge surface area renders dus exchange easy They 
are cells which have lost their nucleus and are therefore not folly ahve. 



(A) 


Fig 24 (a) A large capillary vessel (from the mesentery of an anaesthetized 
frog) showing the migration of white blood corpuscles out of the vessel as 
a result of imtatton caused by several hours expostu^ to air a, a, leucocytes 
m the act of passmg through the waU of the capillary, h, b, leucocytes which 
have passed right out (Frey) (b) A small artenolc ^eft) and venule (light), 
with a network of capillaries connectmg them, as seen m the web of a frog’s 
foot under a low magnification, (After Allen Thomson ) 


but act as passive earners of oxygen They are always bemg produced 
in large numbers m the bone-marrow, and destroyed in the spleen 
and hver when worn out. 

For every 500 or so of these red corpuscles there is one white 
corpuscle Those shown m Plate 12 have been stained to show their 




Rg 25 Ventral view of the human dioradc duct (a, b) It is seen to be con- 
nected with other lymphatic trunks and glands (e.g , those m the lumbar 
region, d), and to open into the junction of the left jugular (/) and subdavian 
(g) vans at c. It hes just ventral to the spinal column, on either side of which 
ire sera portions of the nbs (1) h, anterior vena cava, just anterior to which, 
5 a piece of the wmdpipe. pmdey. Lessons in Bementary Physiol<^, 1915 ) 




ANIMAL BIOLOGY 


190 

stxucture They are true cells withnuclei, and some of them are capable 
of active movements There are at least six different kmds with differ- 
ent fimcnons, mosdy of a protective character Thus one kmd eat up 
parasites found m the blood, another kmd burrow through the walls 
of capiUanes m inflamed areas, and remove dead or mjured tissue and 
disease germs, often forming collections of “matter” or pus (Fig 24 
and Plate 12) Others produce substances which loll disease germs, and 
so on The blood also contains non-cellular bodies called platelets, 
which arc smaller than the corpuscles and are concerned m clottmg 
and m immumty , there may also be tmy dr ops of oil after a fatty meal 

Besides the blood-vessels, all vertebrates possess another system of 
vessels which open mto the veins, but contam clear fluid called lymph 
The lympha tic vessels slowly dram away flmd ftom the spaces between 
the cells On the course of the vessels the flmd passes durough small 
lymph-nodes or glands, which may be felt under the skin m the neck, 
armpit or groin, before entermg the blood The lymph contains 
white corpuscles which are largely produced m these glands, and 
abnormal bodies ftom the tissues are dealt with m them. Thus if the 
arm is inflamed, the lymph-nodes of the armpit arc generally enlarged, 
as they are busy dcstroymg poisons or bactena ftom the inflamed 
tissue The lymphatics also play a part m digestion, which we shall 
study later (Fig 25) 

We must now see how the cells obtam the foodstuff which they 
require In simple animals such as polyps every cell is so close to the 
digestive cavity that it can obtam food thence chrectly In most higher 
animals, however, the cells which hnc the alimentary canal and its 
glands arc highly specialized for the purpose of brcakmg up the food- 
stuff mto soluble forms and passmg them rapidly mto the blood or 
other body flmds This process is called digestion A few mtcmal para- 
sites like the tapeworm have no gut, but absorb their food through 
then skm, relying on then host to break it up for them 

The course of digestion m man is as follows The food is chewed m 
the mouth, where it is also moistened by sahva, a flmd secreted mainly 
by three neighbourmg pairs of glands Two pairs of these he between 
the tongue and the lower jaw, the thud pau (whose inflammation 
causes mumps) he below the external ear, mainly inside the lowerjaw 
bone Besides moistening the food, sahva contains an enzyme, ptyalm. 
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wiudi breaks up starch into an easdy soluble sugar called maltose 
'' En2ymes play a much larger part m digestion than do mechamcal 
processes Each digestive enayme is a defimte substance with the 
property of bnngmg about, or enormously speedmg up, a particular 
chermcal reaction Pepsm from the stomach wiU spht up half a milhon 
times Its weight ofprotem, but will not alter starch or fat So dehcately 
IS an enzyme adjusted to the substrate on which it acts, that as most 
food molecules are asymmetncal (as we know from their rotation of 
the plane of polarized hght and their asymmetncal crystals) so are the 
enzymes that act on them Enzymes have been compared to keys 
which open certain locks only. But they are hke “Yale” rather than 
ordinary keys For we can make m the laboratory a sugar or peptide 
(part of a pro tern molecule) which only differs from the natural vanety 
in that Its molecules are related to the natural molecules as a left hand 
to a nght or an object to its image m a mirror Enzymes wdl not act on 
these amfiaal substances, though they digest their mirror images 
which occur m nature So Ahce, who went through the looking-glass 
m the story, could not have digested the lookmg-glass protems and 
carbohydrates She would have had to get her energy from fat and 
alcohol, whose molecules are symmetrical, and would finally have 
died of protem starvation 

Enzymes are not ahve, and can still work when removed from the 
body, but they are generally destroyed by bodmg The action of 
ptyahn can easdy be shown A solution of boded starch gives a blue 
colour with lodme If sahva is allowed to act on it for a few mmutes 
at body temperature or a few hours m the cold, the starch is broken 
down to sugar and loses this property. If the sahva is first boded no 
change occurs 

When the food is swallowed, it is passed mto the gullet or oeso- 
phagus To get there it must pass over the mouth of the wmdpipe, 
and when any falls down this we choke To prevent this, the breathing 
IS stopped whde we swallow, and the cartilages at the top of the wind- 
pipe which are concerned m voice production are brought together 
so as to close the top of the larynx It is further protected by a car tdagm- 
ous hd at the back of the tongue called the epiglottis, which is pressed 
backwards over it by the food dunng swaUowmg The movements 
of the laryngeal cartdages can easdy be felt As die food leaves the 
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mouth It passes out of the control of consaousness and will The 
movements of our digestive canal, except at the two ends, are earned 



Fig 26 The abdominal portions of the human 
digestive tube, ventral view R, nght, L, left sides 
of the body oe, gullet (oesophagus) st, stomach 
py, aperture of stomach mto small mtestme 
(pylorus) duo, duodenum, opemng mto the 
much-coiled remainder of the small mtestme 
(Jej and IT) This opens mto the large mtestme, 
with Its cjecum (ase) and vermiform appendix 
(verm) It is divided mto colon, ascendmg (A col) 
and descendmg (D col), and rectum (R) (Huxley, 

Lessons m Elementary Physiology, 1915 ) 

out by smooth or mvoluntary muscle and are controlled by a speaal 
part of the nervous system over which the mmd does not preside 
The food or dnnk on leavmg the mouth is seized by the smooth 
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muscle of the oesophagus, which contracts 
behind it and relaxes m front, thus passmg 
It rapidly down into the stomach. Owmg 
to this gnppmg action one can eat or dnnk 
while standmg on one’s head 

The human stomach (Figs 26, 28) is a 
bag of smooth muscle hned with a mem- 
brane consistmg mainly of microscopic 
glands (Fig 27) When expanded it wdl 
generally hold about 2 htres The gastne 
jmee IS a dear flmd contaimng about ^ per 
cent free HCl, and several enzymes, of 
which the most important is pepsm. In 
presence of aad (though not m a neutral 
or alkahne flmd), pepsm causes proteins to 
break up mto bodies called peptones and 
proteoses, which have very much smaller 
molecules than the protems from which 
they are denved, and arc more soluble 
Some carbohydrates are attacked by the 
hydrochlonc aad Thus each molecule of 
cane sugar is spht mto one of glucose and 
one of fructose, and muhn, a starch-hke 
body found m many plants, is broken up 
mto frurtose Fats are less aSeaed m the 
stomach 

A meal remains m the stomach for a 
time — generally between one and four 
hours — ^which depends on the nature and 
quantity of the food taken All this time 
the muscular wails of the organ are con- 
tractmg m such a way as to mix the food 
thoroughly with the gastnejmee Hardly 
any absorption occurs m the stomach. 
When Its contents are fully mixed the 
muscular rmg surroundmg the lower 
orifice of the stomach, the pylorus, opens. 



Fig 27 A simple gland 
from the stomach of a 
mammal (a bat) The nar- 
row duct opens above mto 
the cavity of the stomach, 
among columnar cells The 
mam part of the gland is a 
simple tube, formed of a 
smgle layer of cells, these 
secrete pepsin. A few 
darker stamed cells arc seen 
near the outer side of the 
tube, these probably secrete 
hydrochlonc aad. 
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and a jet of its contents is sqmited into the duodenum, the top por- 
tion of the small mtcstmc After a heavy meal the stomach may take 
several hours m emptymg itself 

The human small intestme is a tube about 6 metres long and 3 centi- 
metres m diameter when relaxed (Fig 26) It is hned by fine projec- 
tions of the mucous membrane, the vilh, which give it a velvety 



Fig 28 The position and shape of the moderately full 
human stomach, as revealed by X-ray photography after 
a meal mixed with oxychlonde of bismuth, which is 
opaque to X-rays O, gullet (oesophagus), f, fundus of 
the stomach (contaimng air), p c , pylorus of stomach, 
opening mto the small mtcstmc, u, pontion of the 
umbdicus (navel) on the surface of the body The dotted 
hncs mdicate the position of the backbone 

texture, and mcrcase tenfold the surface available for absorption. 
Between the bases of the vilh are the mouths of numerous micro- 
scopic glands, and just beyond the pylorus open the ducts of two 
large glands, the hver and pancreas Ihe hver, among its other func- 
tions, secretes bde This contains substances which have the property. 
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possessed in a less degree by soap, of lowering the surface tension of 
water in which they arc dissolved. Drops of oil or melted fat tend to 
jom up so as to have as small a surface as possible This tendency of the 
surface to sbnnk is prevented by the bde m the mtestme, so when fat 
drops are broken up there they do not coalesce agam, but form a 
milky emulsion Hence the fat-sphttmg enzyme made m the pancreas 
can act on a vastly greater surface of fat than would otherwise be 
available A man with jaundice from a blocked bde duct can digest 
mdk, whose fat is aheady broken up, but not suet or butter, which 
form big drops The bde also contains pigments formed from the 
haemoglobin of worn-out red corpuscles These are excreted m the 
faeces and give them theur yellow colour In jaundice the bde duct is 
blocked, and accordingly the skm becomes yellow and the faeces 
white Bde is stored m the gall bladder tdl required 

The pancreas secretes ajmee containmg a number of enzymes One 
of these, like ptyahn, breaks down starch mto maltose Others break 
down maltose to glucose, and lactose (mdk sugar) mto glucose and 
galactose, a very simdar substance Another breaks down fat mto 
glycerol and fatty aads, which partly combme with alkah to form 
soap In every case the molecules formed will pass more easdy through 
a membrane than those of the food If the jmee contamed a protem- 
sphttmg enzyme it would probably digest the pancreas itself and its 
duct However, it contains a substance which, on mixin g with the 
secretions of the mtestmal glands, yields trypsm, an enzyme which 
attacks proteins and the products of peptic digestion, breaking them 
down mto aramo-aads These enzymes wiU not act m an aad 
flmd, so the bde and pancreatic and mtestmal jmces have to contam 
enough sodium bicarbonate to neutralize the aad of the gastnc 
jmee 

The secretion of the mtestmal glands, besides the substance which 
helps to form trypsm, contains an enzyme which wdl break down 
peptones, though not whole protem molecides, mto ammo-aads 
There are also enzymes which break down mdk-sugar and cane-sugar 
to sugars containing only six carbon atoms 

So far as we know, no ammal more compheated than a snad pro- 
duces an enzyme which wdl b reak up cellulose But grass consists very 
largely of cellulose, and to digest it hoofed animals and other plant 
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caters employ bactena which grow in their digestive canal In cud- 
chewers like the cow and sheep these bactena hve in speaal compart- 
ments of the stomach, m the horse in the large mtestme, which may 
have a capaaty of 200 htres The bactena can get very httle oxygen, 
so they cannot oxidize the cellulose, but they turn a good deal of it 
mto methane, which is wasted, and leave much undigested The rest, 
however, is broken up into small molecules which the animal can 
absorb In man, cellulose is not digested, but it is useful m givmg bulk 
to the farces and prevcntmg constipation, which easily occurs when 
the food leaves no mdigesnblc residue 

The food is thus broken up mto easily soluble constituents, and is 
ready to be absorbed This is done by the epithehum of the small 
mtestme The passage through is not a mere filtration For example, 
the blood contains one part of sugar per thousand, and if sugar merely 
filtered across firom gut to blood, it could never qmte disappear from 
the gut as It m fact does Actually, durmg the absorption of food, the 
absorptive cells perform work, for which they need an extra supply 
of oxygen 

The fats are, m part at least, put together agam firom glycerme and 
soap, and passed as a fine milky emulsion mto the lacteals, as the 
lymphatics of the small gut are called Thesejom together to form the 
thoraac dua (Fig 25), which runs up through the chest and empties 
mto the jugular vem at the base of the neck The blood may be 
noticeably milky after a heavy meal of fat. The rest of the products of 
digestion are passed mto the capiUanes, and dissolved m the blood 

All the veins firom the gut nm to the hver (Fig 23), and here the 
food IS further dealt with Thus sugar, if not needed immediately for 
oxidation, is stored as a starchy body called glycogen, discovered by 
Claude Bernard, and gradually hberated as required later on [see 
Chapter Eight) Some of the sugar and most of the fat are stored else- 
where Part of the sugar is stored as glycogen m muscles, but much of 
It IS made mto fat and stored under the skm and round some of the 
mtemal organs, along viuth fat fi-om the food. In the frog fat is stored 
m speaal fat bodies The stored glycogen is later spht up mto glucose 
for use m the''body by an enzyme, which contmucs to work after 
death, and the sqgar thus hberated gives hver its weU-knoivn sweet 
taste Absolutely mesh hver is not sweet Again, ammoma, which is 
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formed m the digestion of many proteins, is, in the hver, mostly 
combmed with carbon dioxide to form urea ( 2 NH 3 -}~ CO 2 = 
CONjH, -j- HaO) Urea is an innocuous body, but ammoma 
poisonous if it gets to the brain, so that if the blood from the gut is 
short-circuited mto the vena cava instead of gomg mto the hver, a 
heavy meal of meat may cause convulsions The hver also deals on the 
same sort of lines with any excess of ammo-aads m the blood and 
with vanous poisons, its most important function is thus the regula- 
tion of the blood’s composition, and not the secretion of bde Dunng 
starvation the body hves on its stores of fat, and the hver takes on the 
new duty of converting the stable fats such as those of suet mto ods 
hke that of linseed, which are very easily oxidized 
The tmabsorbcd residue of the food from the small mtestme passes 
mto the large intestine, where it remains m man for a day or so, and 
IS acted on by bacteria These are of httle or no value to man, though 
very valuable to some animals In man htde but water is absorbed 
there By this removal of water the bulk of the waste food is reduced 
by about mne-tenths The large mtestme also excretes poorly soluble 
salts, such as calaum phosphate, from the blood These would clog up 
the urmary passages if they were excreted by the kidneys 
The active tissues take oxygen, sugar, fat and ammo-aads from the 
blood, and use them for oxidation, growth, and repair Into the blood 
they empty waste products, of which the most important are water, 
carbon dioxide and urea, but other soluble waste products of protem 
metabohsm mclude sulphunc and phosphonc aads, creatimne and 
unc aad The last two contam C, H, O and N They are all excreted 
by the kidney except the carbon dioxide and some of the water, which 
go out by the lungs, and, m the case of water, the skm 
The kidneys consist of a mass of tubules (Fig 29) (about a milhon 
on each side m man) each beginnmg m a capsule contammg a tuft of 
capiUanes, and endmg, after a wmdmg course, m the central cavity of 
the kidney The capillary tuft seems to act as a filter, and the flmd that 
soaks through it is blood mmus corpuscles and mmus a few of the 
large molecules, such as the protems concerned m clotting As this 
filtrate runs down the tubules, the cells linin g them reabsorb valuable 
constituents of the blood, such as sugar, and probably add unwanted 
ones such as urea, ammoma, unc aad, aeatimne and sulphates The 
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urine tackles down the ureters into the bladder, whence it is emptied 
from brae to nmc An adult man produces on an average about 1 5 
htrcs of unne per day, containing thirty grams of urea, fifteen of 
sodium chloride, and ten of other soluble waste products 



Pig 29 Diagram ofa Malpighian corpiudc in the human 
kidney The end of the kidney tubule is thm-walled, and 
u dilated to form a capsule (Bowman’s capsule) Thu is 
invaginated by the ingrowth of a small artenole and 
venule, which break up withm the inner wall of the 
mvagmatcd capsule to form a network of capiUanes or 
glomerulus 

The blood is thus the medium of exchange between the different 
parts of the body The heart keeps it moving, the lungs and gut supply 
It with fresh oxygen and foodstufis, other organs get nd of waste 
products, and all the tissues of the body take from it accordmg to their 
needs The hfe of every part of the organism therefore depends on an 
adequate supply of blood of proper composition 



CHAPTER FIVE 


THE NERVOUS SYSTEM 

T he activities so far descnbed may almost all be foimd m 
machines, but a comphcated madune needs human control if the 
parts are to work harmomously . The body to a large extent runs itself 
The diaphragm and heart contract with the appropnatc force and 
rhythm, the pancreas begins to secrete as food reaches the duodenum, 
and so on But m many of our more complex activities, such as the 
movements of my hand as I "wnte these words, consaousness plays a 
part The chief agency m co-ordmatmg our actions is the nervous 
system Many of its activities are unconsaous* consaousness and will 
only play a part where our past expenence is hkely to be of value m 
mfluencmg our behaviour. 

The unconscious responses of the nervous system are called reflex 
actions, or reflexes , though of course it is also responsible for voluntary 
actions The nervous system controls stnped muscle, heart muscle, 
smooth muscle and glands, but with very few exceptions it is only the 
stnped muscles that the wiU can influence, and even they are often 
moved by reflexes In every reflex or voluntary action three organs 
are always concerned, first a receptor organ which is appropriately 
stimulated, then a longer or shorter path m the nervous system, and 
fin a lly an effector organ. The latter is always a muscle or gland m man, 
though other animals have electnc and lummous organs under ner- 
vous control In the case of voluntary action the delay in the central 
nervous system may be very long, but there is always some external 
motive for a voluntary action. The nature of reflex and voluntary 
action wiU be made clearer by a few examples, tabulated on the fol- 
lowing page 

It will be seen that all but the last are reflexes The first three are 
entirely mdependent of will or consaousness They are performed by 
smooth muscle The fourth mvolvcs consaousness but not will It 
can, however, be influenced by voluntary attention. The next four 
are performed by stnped muscle, and are partly under voluntary con- 
trol The last is a very sunple voluntary action. The hne between 
reflex and voluntary action is not sharp Only an expenenced school- 
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Action 

Receptor 

Effector 

1 Speeding up of the heart on 
increasing its supply of blood 
(Chapter Seven) 

Ncrvc-endings in 
nght auncle 

Heart muscle 

2 Contraction of pupil m strong 
light 

Retina of eye 

Smooth muscle of 

ins 

3 Reddening of skin after a scratch 

Pam spots of skin. 

Smooth muscle of 
small vessels 
which open. 

4 Secretion of sahva on smelling 
food 

Olfactory organ 
in nojc 

Sahvary glands 

5 Knee jerk * 

j Ncrve-<ndings m 
tendon. 

Extensor muscles 
of thigh 

6 Blinking on eye bemg struck at 

Retina of eye 

Eyehd muscles 

7 Breathing 

Respiratory cen- 
tres m bram 

Muscles of chest 
and diaphragm 

8 Sneezmg 

NervC'-cndings m 
nose 

Muscles of chest 
and diaphragm 

9 Answering a bell 

Organ of Corti 
in car 

Leg muscles 


master can. tell voluntary from reflex coughing It will be seen that 
the receptor organs are generally, but not always, sense organs, that 
IS to say, their stimulation produces consaousness as well as reflex 
action 

We can leam a great deal about the properties of nerve by taking a 
musde with its motor nerve out of a recently killed animal If we 
stimulate tile nerve by elcctncal or chemical means, or mechamcally 
(e g by pmcWg) , the muscle will contract. This umtabdity contmucs 
for man y hot^, foough the muscle is very easily fatigued unless it has 
a proper oxygto supply The muscle may be made to work a lever 
which wntes on a moving sheet of paper, and the cflects of difierent 

• Sit down, cross the legs, said hit tht tendon beUiw the kneo<ap. The extensor nnisdes of the 
thigh contract, and the toot flies up 
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Stimuli can thus be compared We can also measure the heat or elec- 
tncal changes produced By such means we learn the foUowmg facts 
about nervous conduction. 

Each fibre conducts mdependendy of the others It conducts not a 
steady stream, but a senes of ner\’’OUS impulses An impulse is not an 
electnc current, but an activity of the nerve fibre producmg an elec- 
tncal effect and a httle heat as it goes along It travels at about 30 
metres per second or 70 miles per hour m man Thus a man, hit by a 
car gomg at 80 miles per hour, wiU probably feel nothmg because his 
brain is destroyed before any nervous impulses from his skm reach it 
After the passage of an impulse the fibre needs a rest of one-thousandth 
of a second or more before it can transmit another All impulses m the 
same fibre are normally of the same mtensity. Thus, firom this pomt of 
view, we may compare a nerve to a bundle of telegraph wires, down 
which electrical waves of the same mtensity pass at varymg mtervals, 
but not to a bundle of telephone wires, m which the mtensity of the 
waves is vanable Fmally, the energy of a nervous impulse is so small 
that about four milhon impulses (which would take several hours to 
pass) would be needed to heat a nerve 1 ° centigrade 

A voluntary muscle responds to one nervous impulse by a twitch, 
to a rapid senes by a steady contraction A contracting human muscle 
is getting about forty-five impulses per second The energy hberated 
m a gram of contracting muscle is several hundred thousand times 
greater than that m a gram of the nerve which supphes it. This ratio is 
about the same as diat of the energy developed by a 30-h p motor 
car running for twelve hours, to that used by the man who turns the 
starting handle for a mmute Muscles can be made to contract by 
weak artifiaal electnc currents as easily as by those produced by the 
nerve 

We are not yet sure of the details of how a muscle contracts, though 
It seems that the lactic aad formed causes microscopic fibrils to con- 
tract, as many proteins do when placed m weak aad A muscle is not 
a heat engme, for it has a very high effiaency such as is only found m 
heat engmes one part of which is very much hotter than the other Its 
chemical energy is converted direcdy mto work without first passmg 
mto heat. The actual process of contraction may have an effiaency of 
90 to 100 per cent, but an amount of energy greater than the work 
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done in contraction is wasted as heat during the re-synthcsis of the 
lactic and phosphonc aads, so that the whole process has an efficiency 
of only about 40 per cent Moreover, a good deal of energy is needed 
for the extra breathing and heart action during exercise, besides the 
basal metabolism which goes on all the tune. So, considered as a 
machine, a man never has an effiacncy of more than 25 per cent At 
best, he turns three times as much energy into heat as mto work 
Moreover, a muscle heats up while keepmg up a steady contraction, 
as m standmg, supporting a waght, or pushing at a closed door 
Stnped muscles become qmte flabby when their nerves are cut, but 
heart muscle and smooth muscle remam active. Stnped muscles have 
probably only one set of motor-nerves which make them contract 
Involuntary muscles have two sets stimulation of one set causes 
mcreased activity, of the other set rest or lessened activity 
The effects of stimulating a nerve-fibre depend mainly on its con- 
nexions m the body, to some extent on the quantity and rhythm of the 
stimulus, but not at all on where in its course it is stimulated These 
facts were first discovered by Muller m 1826 Thus a blow on the 
“funny-bone” or just above it is felt m the ring and htde fingers 
because the nerve from them runs near the surface at this porat, and 
irritation of the nerves m the stump of an amputated leg will give a 
man pam which he feels m toes that he may have lost forty years ago 
Again, when the nerve to the free muscles has been destroyed, the 
power to move them may sometimes be regained by grafting the 
nerve supplying certam neck and shoulder muscles into the old track 
of the faaal But when connexion has been made, the patient, m order 
to move the face, must will to move the shoulder 
The most accessible receptor organs are those of the slon They can 
easily be studied m an area where they are scattered, as on the side of 
the knee If the skm is shaved we find that only parts round the hair 
roots are sensitive to gentle touch with a bnsde. Each root is sur- 
rounded by a network of nerve-fibres which are easily stimulated. 
The small hairs act as levers, and render the “touch spots” more sensi- 
tive In hairless parts, such as the palm, sole, and hps, there are speaal 
receptors for touch (Fig 35) Similarly if we go over the skm with a 
warm blunt metal pomt, we find that warmth is only felt at a second 
set of pomts (not diosc sensitive to touch), cold at another set, and 
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pain at a fourth Many areas on the thigh are quite insensitive to pain, 
as they have no pain spots It is characteristic of receptor organs to be 
speaally sensitive to one kind of stimulus, which may be physical, as 
with the skin organs, or chemical as with those of taste and smell They 
will, however, generally respond to mappropnate stimuh, if these are 
strong enough. Thus mustard will stimulate first the heat and then the 
pain spots A blow on the eye will make one see stars, and so on 

On the other hand each receptor organ, with the paths leadmg firom 
It to the hram, can generally only give rise to one kind of sensation. 
This, however, depends on the part of the hram to which it leads, not 
on the organ which is stimulated. There is no fundamental difference 
m the nature of the impulses m different nerves, as there is m their 
effects If we stimulate the optic nerve, even after the loss of the eye, 
we get visual sensations, and so on. 

If we put the nght hand mto hot water, and the left into cold for a 
minute, and then both into lukewarm water, this feels cold to the 
right hand and hot to the left This is charactenstic of the senses They 
tell us more about differences of mtensity m their stimuh than about 
their absolute mtensity. When we look at a candle m sunhght we find 
it hard to beheve that we can see by it, or even be dazzled by it, at 
mght We go mto a dark room, and see nothmg at first, but soon adapt 
ourselves, and see the things m it instead of blackness After half 
an hour m a sound-proof room one finds the noise of one’s own heart 
and breathing impleasandy loud- normally one cannot hear them. 

The fineness of discrimmation for touch depends mainly on the 
closeness of touch spots Thus, on the palm, where they are very 
numerous, we can distinguish two pomts firom one if they are 1 centi- 
metre apart. On the back, where there are few touch spots, this 
distance must be mcreased seven times or more 

Under the skm Me receptors of many kmds. Some respond to deep 
pressure, and others to pam, but when once the skm is cut through, 
most healthy tissues are almost insensitive to pam They become 
tender, however, when in fl a m ed The gut and other hollow organs 
are insensitive to cutting or bummg (stimuh to which they are not 
normally exposed), but very pamf^ when stretched either by un- 
usually bulky contents or unusually strong contractions of their 
musdes 
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There arc also receptors m muscles, tendons andjomts These send 
impulses to the central nervous system, which inform it of the relative 
positions and movements of different parts of our body Receptors 
and nerves with this function arc called propnoceptive, whilst those 
whose somuh come from outside arc called exteroceptive Propno- 
ceptive organs may affect the consaousness Thus we can tell how 



Fig 30 Diagram to illustrate the course of nerve impulses concerned m a 
spinal reflex. The nerve-cell bodies are mdicated as blade dots, their fibres as 
hues The grey matter of the cord is dotted 


much our knee is bent even with our eyes shut, owing to thejomt 
organs, or how great a weight we arc holding, owmg to the muscle 
organs But far more important is the aid they give us without our 
knowmg it, m the co-ordination of muscular movement If propno- 
ceptive impulses cannot reach the bram from the legs, as happens m a 
disease of the spinal cord called locomotor ataxy, in which sensation 
is not lost, the patient cannot co-ordinate the movements or postures 
of his leg muscles In walking he raises his foot too high and brings it 
down too hard. He cannot stand with his eyes shut There is no weak- 
ness of the muscles, but they cannot be used properly, as the brain gets 
no informaaon as to what they arc domg except through the eyes 
The spinal cord consists of a central core of nerve-cells, called the 
grey matter, surrounded by milhons of fibres mosdy running length- 
ways, and called the white matter (Fig 30) Both mclude a scaffoldmg 



THE NERVOUS SYSTEM 


205 

of supporting cells Between each pan: of vertebras a nerve leaves the 
spmal canal on each side It enters the spinal cord by a dorsal and a 
ventral root The ventral root fibres go to muscles and glands, and are 
only traversed by impulses gomg outwards The dorsal root consists 
of fibres carrying impulses from receptor organs to the cord. So if a 
dorsal root is cut we lose the capaaty for feehng with a certam area of 
the skm, while injury to ventral roots leads to paralysis of muscles 
But most nerves contam both sensory and motor fibres, so when a 
nerve is cut both movement and sensation are lost in the area which it 
supphes The separation of the roots serves to bnng all the sensory 
fibres to one cell area witiun the cord, all the motor fibres to another 

A nerve’s only function is to conduct, but the spmal cord not only 
conducts impulses to and from the hram with its fibres, but gives rise 
to reflexes by means of its nerve-ceUs This is shown by what happens 
when It is divided If a man breaks his spinal cord m the neck, he dies 
because his breathmg muscles are cut off from the hram, and get no 
nervous impulses to make them work If it is broken lower down he 
may hve for some time He has absolutely no feehng m the parts of 
his body and no voluntary control over the muscles whose nerve sup- 
ply comes from the part of the cord below the break But if we 
examme him six months after the acadent we find reflexes occurrmg 
m the lower part of his body If, for instance, we pmch his foot it is 
drawn upwards without his knowledge or will If the lower part of 
the cord is destroyed or the nerves to it cut, all reflexes cease A great 
deal has been learnt about nervous activity from die study of spinal 
reflexes They are easily studied on the carcass of a frog whose bram 
has been destroyed by pokmg a blunt wire mto it from behmd If we 
imtate its skm its hmd leg scratches near the place imtated, but its 
responses are clumsy, and it does nothing without some fairly violent 
stimulus 

Provided they are m nervous connexion with the bram or spinal 
cord, the muscles of a hmb are never qmte flabby They are mosdy m 
a state of gende but steady contraction or “tone,” so as to keep the 
hmb m a defimte posture If then the knee is to be bent, as the flexor 
(bendmg) muscles of the thigh contract, its extensor muscles must 
relax 'If they relaxed too htde or too slowly there would be a stram 
and a waste of energy If they relaxed too qmckly or completely the 
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movement would proceed too far, and the knee joint might be dis- 
located. Exactly the same apphes elsewhere Almost every muscle m 
the body, those of the trunk, jaws and eyes, as well as the hmbs, has an 
antagonist, and arrangements must be made for one to relax as the 
other contracts As there are no inhibitory nerves to stnped muscles, 
this can only be done by inhibiting or switchmg off the activity of 
those cells m the central nervous system which are sending impulses to 
the muscle which has to relax. 

Pig. 30 gives an idea of some of the connexions concerned m a sim- 
ple spmal reflex. An impulse enters the cord through a fibre m a dorsal 
root firom a pam spot m the foot The fibre divides and its branches 
end near nerve-cells m the grey matter One of these cells is represented 
sendmg a fibre to a flexor muscle of the knee, another sends a fibre to 
an extensor When the pam spot is stimulated the impulses passing 
along It cause more nervous impulses to be generated m the cell con- 
nected with the flexor muscle, 1^ m that connected with the extensor, 
so the knee tends to bend, and the foot to be withdrawn. Actually 
tiungs are fer more compheated. Stimulation of a single pam spot 
will only cause movement after a long tune or never, and, if move- 
ment occurs, hundreds of nerve-fibres will be conductmg impulses at 
once To get a prompt movement one must stimulate a number of 
spots or fibres fiom them at once, as when one treads on a hot coaL 
Though the type of connexion shown m the figure has actually been 
observed with the imcroscope, m most reflexes the excitation has to 
pass through several neurons before it reaches the cell whose axon is 
the nerve fibre to the muscle or other effector 

We must now smdy the fiincoon of the spmal cord m conductmg 
nervous impulses m both directions between the body and bram In 
a mixed nerve hke the saatic m the thigh, all sorts of fibres with 
different fimctions run together Some are carrymg impulses to the 
muscles-, others from the skm and deep receptors As they enter the 
cord they are sorted out accordmg to which way they conduct, and 
later on a further sorting process occurs For example, the impulses 
which on reaching the bram give nse to sensations of temperature, 
run up the spinal cord by a different path from those which give nse 
to sensations of touch 

These paths have been located by several different methods, which 



THE NERVOUS SYSTEM 207 

have also been appbcd to the study of the brain itself First, symptoms 
are observed in patients, and after dheir death local injunes of the 
spinal cord due to sphnters of metal or bone, burst blood-vessels, or 
tumours, are found. When the same symptoms are observed m 
another patient they can often be reheved by the surgeon owing to 
the knowledge so gamed. To refuse leave to examine the body m 
such a case is to condemn someone else to die with those symptoms 
Agam, after destruction or division of some parts of the nervous 
system one can observe with the microscope the death and degenera- 
tion of groups of nerve fibres Now we know that when a fibre is 
divided, only that part dies which is separated ftom the cell body and 
nucleus of the neuron to which it belongs So we can discover m 
which direction the cell bodies of any bundle of fibres he. But m the 
central nervous system the long fibres always conduct nervous 
impulses away ftom the nucleus, so we discover the direction m 
which nervous impulses nm m the fibres we have cut Finally, we can 
try the effect on an animal of cutting or stimulating some part of its 
nervous system (The lower parts of the system will stdl work after 
the animal has been made unconsaous by an anaesthetic or by remov- 
mg Its cerebrum ) By such methods we can distinguish five main 
pairs ofascendmg fibre tracts m the human spmal cord, besides numer- 
ous smaller groups Two of these go to the cerebellum, and their 
injury does not affect consaousness, but causes unsatisfactory move- 
ments and postures, the bram bemg without information as to what 
the muscles are domg Two of them send impulses only to parts of 
the bram concerned m consaousness One serves both purposes. 

Before we study the functions of the bram it will be convement to 
deal with the special sense organs in the head which commumcate 
with It directly and not through the cord. The organs of the chemical 
senses, taste and smell, are found in the mouth and nose. They work 
together, and much of the sensation we commonly regard as taste 
includes an element of smell "With the eyes and nose tighdy shut, 
taste wdl not distmgmsh an onion ftom an apple The taste organs 
mosdy he m the papillae which roughen the upper surface of the 
tongue. There are four elementary kmds of taste, namely, salt, sweet, 
sour and bitter. Other tastes are combinations of these Bach ele- 
mentary taste has different end organs Thus, we taste sweet dungs 
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best with the up of the tongue, bitter with the bacL 
The end organs of smell are a httle patch of about one quarter of a 
square mch of yellow epithehum at the top of the mtemal cavity of 
the nose The correspondmg area m a dog is ten or more square inches, 
m a large shark 24 square feet In man, smell is an unimportant, almost 
vesttgial sense, but m the dog and many other animals it is the most 
important of aU. So the dog’s world is mainly a world of smeUs But 
even m man it is the most dehcate of the senses We can smell mercap- 
tan* at a dduUon of 1 milhgram m 20,000,000 htres of air As about 
1 cubic centimette at a time is m the olfactory part of the nose, this 
means that we are affected by one twcnty-thousand-milhonth of a 
milligram, whereas the smallest object we can see with the naked eye 
IS about a million times as large In ordmary breathing most of the aur 
goes past the olfactory cavity In sniffing, some is sucked mto lU No 
satisfactory classificauon of smells has yet been made 


• A product ot decayio^ flcsli* 
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THE NERVOUS SYSTEM (contJ) 

T he external ear, which is only found m mammals, is oflittle 
use to man, though some beasts can turn it so as to collect sound 
In the internal ear, which hes m the thickness of the skull wall, are the 
organs ofheanng and balancmg The ear-drum (Fig 31) hes across a 
passage leadmg from the outside to the throat, and correspondmg to 
the first giU-shtofa fish The inn er two-thirds of this passage are called 
the Eustachian tube, and serve to equalize the pressure on the two sides 
of the drum If it is blocked by a cold the pressure becomes unequal, 
the drum is too much stretched to vibrate properly, and deafiiess 
results The mtemal ear hes m a long “labyrmth ” The organ of hear- 
ing consists of a tube called the cochlea, coiled like a snail’s shell, that 
of balance consists of three “semicircular canals” and two smaller 
cavities, all commumcatmg and filled with flmd They are surrounded 
by further fluid which separates them firom the skull (Fig. 6). 

The drum is set m motion, hke the diaphragm of a telephone 
receiver, by sound waves m the air It transnuts this motion through a 
cham of three small bones to a membrane covermg a tmy oval wmdow 
m the bony labyrmth The bones serve to concentrate the energy firom 
the drum on to the wmdow, which is one-thirtieth of its area. This is 
necessary if air movements are to be transmitted to a watery flmd, 
which, bemg denser, is harder to move When the oval wmdow is 
pushed m another membranous wmdow (Fig 31) bulges out, and it 
IS clear that the sound waves m the flmd must travel between them. 
The only path hes through the hearmg organ m the cochlea. This 
mcludes a senes ofabout 10,000 fibres (notnervous) of varymg length 
and probably of varymg tension, stretched across the tube of the 
cochlea, andjomed by a fine membrane. Several fibres firom the audi- 
tory nerve end m receptor organs on each of them. It seems that each 
■wiU vibrate to one note only, hke a wire m a piano If we play a chord 
loudly near a piano, the wires correspondmg to the notes start vibrat- 
ing Similarly m the cochlea each fibre responds to one note and 
exates the correspondmg fibres m the nerve Very pure musical notes 
only exate few fibres, but generally they are accompamed by over- 
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tones which give them their timbre, and exate the cochlea m several 
places In ordinary noises and the vowels of speech the mixture of 
tones IS still more comphcated. Thus every sound is translated mto a 
senes of impulses travelling to the bram along a certam number of 



Fig 31 Diagram of the human ear a, outer ear, b, tmddle ear, c, mner 
ear 1, the car trumpet (pinna) 2, external ear passage (meatus) runmng 
to 3, the car-drum (tympanum) On the mner side of this is the nuddlc 
ear, contaimng air, and commumcatmg with the cavity of the mouth by 
the Eustachian tube, 7 It contains the three auditory ossicles, 4, 5 and 6, 
which transmit the vibrations of the drum to the membranous wmdow, 
to the right of 6, m the wall of the inner ear The mner ear is entirely 
embedded m bone It contains a fluid, the perilymph, this surrounds the 
“membranous labynnth,” 8, 9, 10, a senes of membranous organs con- 
t ainin g another flmd, the endolymph. 8, the utncle with the three 
semicircular canals ansmg from it, the organ of balance. 9, the sacculus, 
leading to 10, the spiral cochlea, the organ of heanng Above 11 is a 
second membranous wmdow which is pushed outvrards when the first 
wmdow IS pushed mwards, and vice versa. 

fibres of the auditory nerve, and wejudge of the quahty and intensity 
of the sound according to which fibres are exated, and how fircquently 
Its direction is judged mainly by the different intensities with which 
the two ears are exated 
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The balancing organ consists of two parts Two of its cavities con- 
tain tiny lumps of calaum carbonate called otohths,* which are sup- 
ported by “hair-cells” in which nerve fibres end Accordmg to the 
fibres exated at any moment by the otohth pressmg on the corres- 
pondmg hair-ceUs we judge what objects are vertical, thoughhere we 
are helped by our other senses If we lean our head the otohths roll on 
to a new set of hair-cells, a new group offibres is exated, and we alter 
our opmion as to what hue m our head is vertical The reflexes exated 
by these organs are more important than the sensations If an accelera- 
tion of our body, as on a sivmg or merry-go-round, moves the otohths 
fiom the bottom of their cavities, we get a false idea of what is vertical, 
but we perform the nght reflexes, and lean so as not to fall. The 
otohths m feet behave hke plumb hues m our heads Even such simple 
' animals as jelly-fish have otohth organs to enable them to swim the 
nght way up, and they are generally found m animals which have to 
balance Some shrimps put particles of sand mto these organs with 
their claws when they moult. If given iron filings they put these m 
instead When a magnet is now held over them, the fihngs press 
upwards, not downwards, and the shrimps swim upside down' 

On each side one semiarcular canal is horizontal, and the other two 
are m vertical planes at nght angles If we spm round, the flmd m one 
or more of them is left behmd (hke the water m a glass which we spin 
suddenly) and therefore moves relatively to the head In domg so it 
presses on miaoscopic “hairs” projecting from cells, and exates nerve 
fibres runnuig to the brain. After we have spun for some time the 
fluid moves with the head (as does the water m the glass), and goes on 
movmg after the head has ceased to spin, givmg the illusion that we 
are spinning the other way In ordmary giddmess m a horizontal plane 
there are rapid reflex movements of the eyes which can easily be seen 
m others, and make thmgs appear to spm round us These reflexes are 
of great value m ordinary life as they keep the direction of our gaze 
fixed when we turn our heads qmckly. We can become giddy m a 
vertical plane by turning round with the forehead or ear resting on a 
stick, and then raismg the head The violent reflexes of the hmb and 
trunk muscles, which normally keep us from felling, now make us 

•Statoliths, or concretions concerned n-ith balance, would be more correct, but the term 
otoliths is still generally used in human physiology 
M S T — n 
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fall In fish the hearing and balancing organs are a specialized part of 
a system of canals under the skin and opening by occasional pores, 
which enable the fish to appreciate movements of the water round it, 
and Its own movements relative to the water 



Fig 32 I>iagram of a honzontal section througli the nght eye of a man- 
The lens and ins separate the anterior chamber (filled with aqueous 
humour) from the postenor chamber (filled 'with the jelly-hke "vitreous 
humour) The shape of the lens can be altered by the aliary muscle pullmg 
on the suspensory hgament. 

The eye is enclosed in a tough capsule, transparent m firont only, 
and pierced behmd by opemngs for nerves and blood-vessels It can 
be turned by six musdes which run between its capsule and the skulk 
A section firom firont to back (Fig 32) passes through the follo'wing 
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structures: (1) the window or cornea; (2) a chamber containing a 
watery fluid; (3) the ins, a ring of muscle, with pigment to keep out 
hght, which regulates the amount of hght readung the back of the 
eye, (4) the lens, a homy body whose shape can be shghdy altered, 
(5) a chamber filling most of the eye and containing a transparent 
jelly; (6) a fine membrane, the retina, which consists of several layers^ 
of nerve cells, and is sensitive to hght; (7) a layer of cells containing 
dark pigment, which acts like the black hmng of a camera, and pre- 
vents hght which has once entered the retina fi:om bemg reflected; 
(8) the tough white coat which envelops most of the eye, and helps, 
with the aid of the mtemal flmd pressure, to keep it to a definite shape 

The general stmeture is hke that of a camera with its lens, dia- 
phragm,and sensitive film ,and the cornea and lens have such refinctive 
mdexes and curvatures that the images of external objects can be 
accurately focused on the retina The image is upside down and nght 
side left If we shut the nght eye, and press the outside of the left eye- 
ball through the eyehd, we see a dark spot with a bnght border well 
out to the nght or against the nose, which appears to move up as we 
move the pressing pomt downwards We are stimulating the part of 
the retina used for lookmg out to the nght 

The focus of the eye is altered m birds and cold-blooded vertebrates 
by moving the lens bodily backwards and forwards as m a camera. In 
man and other mammals, however, the lens is fixed, but its shape can 
be altered. When we wish to look at an object near to us a circular 
musde round the lens contracts, and it becomes more nearly sphencal 
The rays of hght are therefore more bent m passing through it, and 
brought to a focus on the retina If this muscle is not contracted they 
come to a focus behmd the retina, and we see indistinctly. When we 
look at distant objects the directions of gaze of the two eyes are parallel, 
but when we look at a near one they have to be converged by the 
muscles which move the eyeball from outside, or we see double. The 
impulses coming to the bram fiom the eye muscles help us to judge 
distance accurately. This is why it is very hard to hit a near object 
accurately from the side with one eye shut, as any one can easily prove 
for himsel f 

If the focusing of the eye goes wrong it can often be corrected by 
spectacles When the eye is too long the rays from distant objects con- 
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verge m front of the retina, and we are near-sighted This is corrected 
by using concave lenses If the eye is too short the rays from near 
objects converge behmd the retina, and long sight results, necessitating 
the use of convex lenses for reading and fine work. If the cornea is 
more curved m one direction than another, like the bowl of a spoon, 
we cannot focus two perpendicular mterscctmg hnes at the same tunc 
This condition, which is called astigmatism, can be remedied by using 
lenses one side of which is a segment of a cylinder 
The ms contracts if strong hght is flashed on to the eye, and expands 
m the dark, thus shieldmg the retma from too sudden changes The 
microscopic receptor organs m the retma are called the rods and cones, 
from their shape The rods are used for scemg m the dark, and do not 
distmguish between colours, the cones for vision m daylight The 
diameter ofa cone IS about2 5 fi,orl/400ofamilhmetre, so that there 
arc over fifty milhon m each retma W c caimot distinguish two obj ects 
if their images fall on the same cone, as happens if the angle subtended 
by them at the eye is much less than a nunutc (the angle subtended by 
a hal^eimy at 100 yards), however good our focusmg may be There 
IS one spot on each retma, called the yellow spot, on which we focus 
the object at which we are lookmg Vision is most accurate here m 
hght (but not m darkness), and becomes dimmer as we pass away 
from It, until with the edge of our retina we cannot tell the form or 
colour of thmgs, though we can see if they are moving On one side 
of the yellow spot the nerves and the blood-vessels enter the eyeball 
and there are no rods or cones, so vision is absent here, smee the optic 
nerve is no more sensitive to light than any other nerve The existence 
of this bhnd spot can be demonstrated by puttmg two small objects 
such as halfpence on the table at a distance of about six mches and 
equidistant from the body On shuttmg the left eye and lookmg 
fixedly at the left-hand object, meanwhile gradually approachmg the 
head from a distance of a yard or so, the nght-hand one will disappear 
when about two feet away This fact mterested Charles the Second, 
who used to amuse himself with it until he grew so expert that he 
could “take off” the heads of his courtiers 
The retma contains two layers of nerve-cells besides the rods and 
cones, and many fibres, the last relay of which runs mto the btam as 
the optic nerve Compared with the car, the eye is much better at 
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judging the direction of the waves which stimulate it, but is sensitive 
to a much smaller range of wavo-lengths. The longest wave-length 
that we can see in the red is about 0 0008 millimetres (0 8 /i), tlic 
shortest m the violet about 0 0004, so we can only perceive a smgle 
octave of the possible vibrations, the shorter mvisible ones being ultra- 
violet and X-rays, the longer heat and “wnreless ” On the other hand 
we can perceive sound, waves from 20 metres dowm to about a centi- 
metre m length, a range of eleven octaves, seven of whicli are used m 
music Moreover, the ear is better than the eye at analysmg mixed 
vibrations It is easy to analyse a chord mto two or three notes, but we 
cannot teU without a spectroscope whether a given yellow is pure or 
due to a mixture of red and green hght. 

Many animals have eyes "workmg on qmte a different pnnaple 
ffom ours, namely, bmlt of kttle units each lookmg out in one direc- 
tion (Plate 20 (u) ),justas each of our “cones” receives hght from one 
ducction only. Hearmg organs are found m a few insects, often m 
then legs or belhes, and are provided with drumsandhair-cells similar 
to our own 

We must now consider the bram (Fig 33) The human brain is 
btult on the same plan as the frog’s (Fig 7), but one part of it (the 
cerebrum) has grown m man and related animals to be much larger 
than the rest. It is on this part that the mam diSerences between the 
behaviour of a man and a firog depend We shall first consider the 
lower parts of the bram, which are not so very different m the two 
speaes As the spmal cord enters the head it expands mto the medulla 
oblongata, m which there are nerve-centres govemmg diemvoluntary 
activities of the body For example, if an ammal’s head is cut off and 
the blood-vessels of the neck tied to prevent the loss of blood, it will 
not breathe, nor if we obstruct its aorta will the heart slow down 
But if only that part of the bram above the medulla oblongata is 
destroyed, both these processes contmue, though the breathing is 
clumsy The medulla also regulates such functions as digestive secre- 
tion, mcludmg sahvation, movements of tlie digestive organs, such 
as peristalsis and vomitmg , and a number of reflexes m the arculatory 
system to be described later 

The mvoluntary muscles and glands concerned are controlled 
through the autonormc or mvoluntary nervous system Tins consists 




Fig 33 Diagram of the human bram m situ The cerebrum is m white, with 
the fissures as black hues Behind and below it (coarsely shaded) is the cere- 
bellum, m firont of this is part of the medulla oblongata The cerebrum 
conceals all the other parts of the brain. The medulla is contmued downward 
as the spinal cord. Motor areas 1, toes, 2, foot, 3, calf, 4, thigh, 5, belly, 
6, chest, 7, back, 8, shoulder, 9, upper arm, 10, fore-arm, ll.wnst, 12, fingers, 
13, neck, 14, eychds, 15, cheeks, 16, jaws, 17, bps, 19, eyes, 20, tongue. 
Sensory areas On and m fiont of the above motor areas, also 21, hearing, 
24, vision, 18, areas concemedmco-ordinationofspeechmusclesmleft-handed 
person, 22, 23, Veas concerned m speech and thought, particularly m left- 
handed^person (see p 221) (After Huxley and Hcmck.) 
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of two parts* sympathetic (Chapter One) and parasympathetic 
The latter system is composed of the vagus nerve which runs down 
the neck from the medulla, and supphes the chief mvoluntary organs 
from the thyroid gland down to the beginning of the large mtestme, 
a few small nerves to glands and mvoluntary muscles m the head, and 
some nerves leavmg the lower end of the spinal cord for such organs 
as the large mtestme and urinary bladder. 

There are two fundamental differences between mvoluntary and 
voluntary motor-nerves The latter run straight to their destination, 
the former end m a ganghon where each exates one or more nerve- 
cells from which fibres nm on to the muscle or gland Also a smgle 
nervous impulse down an mvoluntary nerve has no effect Several are 
needed to exate the rather sluggish organs which they supply. Most 
viscera get fibres both from the sympathetic cham and the parasym- 
pathetic system, and the two systems are generally antagonistic Thus 
stimulation of the vagus slovre down the heart, while the sympathetic 
speeds it up. The vagus makes the stomach and gut move and secrete 
their jmces, while their sphmcters such as the pylorus relax; the sym- 
pathetic diminishes their movement, secretion and blood supply, and 
tightens their sphmcters In other words the one promotes, the other 
hmders digestive activities. During violent exercise impulses pass 
down from the bram to the heart and gut, these set the heart beating 
fiister and stronger, dnve blood out of the vessels of the gut, and slow 
down the gut’s movements The autonomic nerve trunks also contam 
afferent fibres, but not very many, as the bram does not need very 
detailed information about events m the viscera 
Most of the nerve-fibre groups m the cord pass through the medulla, 
though some of the ascendmg ones end roimd neurones there whose 
axons pass on to higher parts of the bram, so that the medulla acts as a 
relaymg station for the impulses which they carry. In the medulla, 
too, most of the fibre tracts to and from the higher part of the bram 
cross to the opposite side of the body. Hence the left side of the bram 
IS concerned with nervous impulses to and from the nght side of the 
body. The paths to and from the cerebellum, however, are mainly 
uncrossed 

Above the medulla lies the mid-bram This contains the nerve-cc^ 
whose axons form the motor-nerves to the eye muscles, but its most 
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important functions seem to be m connexion with posture If m an 
a nim al all the bram above the mid-bram is destroyed, it goes mto a 
ngid state with the legs thrust out and the trunk stiff as m standmg 
Just as the spmal cord alone or along with the medulla will organize 
reflex muscular movements, so with the nud-bram m addition reflex 
posture IS possible Thus a “decerebrate” anim al, i e , one m which the 
cerebral hemispheres have been removed, though unconsaous, can to 
some extent adjust its standmg posture If its head is bent down, it 
bends its forelegs, and so on Similarly, if m a man the nervous path- 
ways from the cerebrum are destroyed, certam groups of muscles can- 
not be moved voluntarily, but remam contracted m a state called 
spastic paralysis so long as the bram-stem is acting on them, whereas, if 
the mjury to the nerve paths is lower down, the same muscles are 
equally paralysed, but flabby 

Behmd this part of the bram is the cerebellum, an organ with several 
, layers of nervc-ceUs on its outside, and a few large groups of cells 
inside, all connected up by numerous nerve-fibres which run between 
them and to other parts of the braim When it is damaged there is no 
loss of sensation or power of thmkmg, but there is a loss of muscular 
tone, and a great dealofjerkmess and mco-ordmadonof movement 
It bears the same relation to the proprioceptive system as the cerebrum 
to the exteroceptive All the impulses from muscles, tendons, jomts 
and labyrmth are co-ordinated there so that m a movement or posture 
the nght muscles may be contracted to the nght extent at the nght 
moment The rest of the bram without it is hke a general who gets 
madequate reports of the movements ofhis own troops If a man with 
cerebellar disease tnes to grasp an object, he moves his hand m a senes 
ofjerhs and grasps m the wrong place 

Above these organs is the cerebrum, which, m man, but not m other 
ammak, is many times larger than the rest of the bram The human 
cerebrum contains more than a thousand milli on nerve-ccUs each con- 
nected by fibres with scores or hundreds of others (Fig 34) , so we can 
get some idea of its complexity by imagining a telephone exchange m 
which the whole human race were actmg as operators The mam mass 
of nerve-cells hes on the outside, and this “grey matter” is folded to 
mcrcasc its area In the nuddle, at the top of the bram-stem, are two 
masses of nerve-cells called the optic thalami, mto which run the optic 
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Fig 34 Microscopical section of part of the h uman cerebral cortex (&om an 
in^t), to show the nerve-cells and their interconnecting processes (in black). 
J-7, cell layers wnth different characters 
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nerves and also fibres firom below which carry up impulses from all 
the other sensory nerves on the opposite side of the body A child bom 
without cerebral cortex but with thala m us hved for three years with- 
out showmg as much signs of consaousness as a normal baby a few 
days old On the other hand a dog without cerebral cortex can walk 
about, though it runs mto obstacles, but it shows no signs of recogniz- 
ing anythmg, and food has to be placed m its mouth before it will eat 
Judgmg from cases of disease m man, a dun kmd of consaousness 
seems to be assoaated with the thalamus When all the paths leadmg 
upward from it on one side arc destroyed, the sensations on the 
opposite side of the body arc abnormal Light touch is not felt, but a 
shght scratch is felt as a homble pain which cannot be localized, and 
the touch of a warm bottle as a huge pleasure The more compheated 
senses, such as vision, arc not represented m the thalamus, though it 
acts as a relay for visual impulses 

Different parts of the cerebral cortex have very different functions, 
and about half of it has been properly mapped out as regards its func- 
tion (Fig 33) Gende stimulation of certam areas gives nse to move- 
ment, generally of muscles on the opposite side This is always frirly 
well co-ordinated, i e , a number of muscles work together, as is the 
case m voluntary action. The size of the area devoted to a group of 
muscles depends on the complexity and dehcacy of the movements 
required of them Thus the tongue has a cerebral area as large as the 
whole trunk, and the eye muscles an area about a third as large as all 
the other muscles put together When a motor area is imtated, as by 
a sphnter of bone or a small tumour, a special type of epileptic fit 
results, m which the mvoluntary muscular movements begm m the 
muscles governed by the imtated area, A knowledge of cerebral 
localization renders a surgical cure of fits of this kmd possible When 
part of the motor area is destroyed the correspondmg muscles arc 
paralysed, though later on other areas may partially take its place, and 
some voluntary control return In front of some parts of the mam 
motor area, cspcaally on the left side, is a region whose mjury m man 
causes, not paralysis, but a frilurc of the more complex movements, 
such as those mvolvcd m speakmg and skilled m a nu a l operations 
Finally, we must remember that when we arc “domg nothmg” the 
cortex IS all the time mhibitmg the postural centres m the bram-stem 
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firom producing ngidity, so that a voluntary movement may some- 
times merely be a stoppmg of this inhibition 

The main motor area and the region just behmd it constitute the 
sensory area for all the senses except the special senses of sight, hearmg, 
taste and smell It is grad ually bemg mapped out, and war mjunes 
gave us a great deal of information The sensory area for each part of 
the body mcludes the correspondmg motor area and an area behind 
it The hands have a very large proportion of the whole. 

If the bram is uyured a httle behind the sensory area, the sensations 
are still felt but cannot be put together For example, a man can state 
just what part of his hand is bemg touched, and whether any finger 
is bent or not, but he cannot say what sort of object he is holdmg m 
his hand. This part of the bram is therefore concerned m putting 
sensations together and mterpretmg them 
The optic nerves jom before reachmg the bram, and half of each 
crosses over, so the left side of the bram gets fibres firom the left side 
of each retina, both of whichlook out on the right So if the left visual 
area is destroyed a man can see nothmg to his nght with either eye 
Similarly the different parts of the field of vision are represented on 
the visual area If the visual areas of the bram are destroyed a man is 
qmte blmd, but may retam a good deal of visual memory, but if the 
neighbourmg areas are destroyed, this too is lost 
In thought and speech a great many parts of the bram are employed 
at once Thus to understand fully the meanmg of the word apple we 
require memones of sight hearmg, smell, taste and touch, and the 
power of co-ordmating them Some parts of the cortex are supphed 
entirely with fibres firom other parts and clearly serve as centres for 
assoaation and co-ordmation We are gradually finding out the func- 
tions of these parts by studymg the effects ofwounds and the degenera- 
tive changes found m the brains of the msane. hi nght-handed people 
the left cerebral hemisphere generally contains the main speech centres 
(and vice versa), mjury of a large area of this will cause failures m 
speech, and m the thought behmd it. Accordmg to the part mjured 
there may be a mere slurtmg of words with apparently fair ly clear 
thought, an mabihty to remember the names of things, or a failure to 
construct sentences and to think out problems But the co-ordination 
of the bram ceUs is less understood thm that of other organs, to which 
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question we shall turn m the next chapter We can only emphasize the 
very important part played by inhibition, that is to say, the checking 
by one part of the bram of the activities of another part. In the spmal 
cord one reflex can inhibit another For example, in a decapitated 
animal a stimulus, which would be painful to an animal with a head, 
at once inhibits reflex scratching movements Voluntary attention 
means an inhibition of all our mental activiocs but one, and resistance 
to temptation is an inhibition of our more primitive activities, such 
as eatmg or losmg our temper 

Many pathways are known for nervous impulses from the brain 
down the cord to the motor-cells m its grey matter whose axons form 
motor-nerves One leads from the motor areas of the cerebral cortex 
to the opposite side of the cord, and is concerned m voluntary move- 
ments Others descend from the mid-bram, which is imder the influ- 
ence of the cerebellum, to the opposite side of the cord, and arc mainly 
concerned with posture and muscular tone Another leads from the 
medulla, and is concerned with rapid reflexes to stimulation of the 
labyrmth, i e , to keepmg one's balance 



CHAPTER SEVEN 


ORGANIC REGULATION 

T he NERVOUS system serves to co-ordmatc the activities of the 
different organs to some extent, but it is not in itself essential for 
the life of the tissues A leg •will hve for -years -without nerves, but only 
for anhour or less -without blood or some artifiaal substitute for blood*' 
The cells m a higher animal are hke skilled -workmen, very effiaent 
at their o-wnjob, but not at other jobs Thus a smgle cell m hydra may 
serve for protection, be sensitive to external stimuh, contract when 
stimulated, pass on exatation to its neighbours, and perhaps secrete 
mucus, but m none of these ways -will it act as effiaently as the vanous 
cells of a mammal, each of which performs one of these speaal 
functions 

The latter are enabled to speaahze largely because they have a 
nearly constant en-vuronment, constant m chemical composition and 
temperature, and do not spend any energy in adaptmg themselves to 
change m it This environment is supphed by the fluid part of the 
blood In this and the next chapter we shall consider some of the 
factors m the mtemal en-vnronment, and how they are kept steady or 
adapted to new conditions Most of the general symptoms of disease 
are due to upsets of the mtemal euvuonment 
Each organ must have food, oxygen, and a means of getting nd of 
waste products But this is not all It must have them in the right 
amounts Too much oxygen isjust as deadly as too htde. And it must 
also have m the nght amoimts other substances which it does not use 
for work or repair An animal dies if we halve or double the amount 
of potassium salts m its plasma, though it does not turn potassium salts 
mto anything else. So these too have to be kept steady Further, an 
organ may need different amounts of a given substance at different 
times If a muscle suddenly starts work, its Oo-consumption and COa- 
production mcrease about fifty times It was already usmg most of the 
oxygen m the blood which passed through it, so it must mcrease its 
blood supply correspondmgly When it is at rest about five out of 
every six of its capillanes are shut When it begins to contract these at 
once open and the others open -wider The small artenes also open 
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Wider In a resting muscle they are kept almost shut by the shght 
alkalmity of the blood, and also probably by the presence of oxygen 
Now if we cut the leg off a recently killed frog and run flmd through 
the blood-vessels, they will open up if this flmd is not sufiiacntly 
alkahne, or is short of oxygen Just the same dung happens when a 
muscle contracts or a gland begins to secrete The O, flows from the 
blood and COa is poured mto it, making it aad, the blood-vessels 
relax and widen, and the organ obtains an adequate flow of blood. 
Other products of activity besides CO, probably co-operate in pro- 
duemg this effect 

But when any large organ opens up its vessels the artenal pressure 
would Gill unless the heart pumped harder The other organs would 
then go short of blood We must therefore study the working of the 
heart Like other mvoluntary muscles, it will work without any 
nervous control If we take the heart out of a rccendy dead anim al or 
man, and supply it vnth warm blood or an appropnatc salt solution 
containing oxygen, it begins to beat again and may go on for many 
hours Even an isolated piece of it will beat In a mammal the beat 
starts at the entrance of the great veins to the nght auricle in a special 
piece of tissue known as the “pacemaker,” W’hich does not contract 
but stimulates the neighbouring muscle If we warm the pacemaker, 
the whole heart beats frster , if we destroy it, the heart first stops, then 
begins to beat at a slower pace of its own. The auncles contract almost 
instantaneously when stimulated by the pacemaker, but they ate only 
connected with the vcntncles by a narrow bndge of conducting tissue 
m which the wave of exatation is delayed for about one-tenth of a 
second, and then passed on almost simultaneously to all parts of lie 
ventndes If the bndge is damaged, as m some forms of heart disease, 
the ventncle may only respond to every second or thud beat of the 
auncles If it is destroyed they beat at then own rather slow rate, and 
cannot be speeded up 

Now if we take an isolated heart, or a heart whose nerves have been 
cut, and give it an mereased supply ofblood, it can increase its output 
per beat but will not mcrease its rate at alL 

The rate is governed by two pairs of nerves Of these, the vagi are 
one, if they arc stimulated the heart slows down, if they are cut it 
speeds up, showmg that they are normally actmg as a brake on it. 
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mainly througli the pacemaker. The other pair, called the accelerators, 
come through sympathetic gangha firom the spmal cord Stimulation 
of them speeds up the heart Both pairs are governed by the same 
centres in the medulla oblongata 

If the blood supply to the heart is mcreased, the great veins and 
auncles are distended, and receptor organs m their ■walls send impulses 
up to the bram which result m the vagus brake bemg slackened by a 
reflex action, and if the stimulus is sufl&aent, the accelerators are set to 
work. Hence, when more blood reaches the heart firom the open 
vessels of an active muscle, it mcreases its rate and force 

Another set of reflexes keep the artenal pressure steady A pair of 
nerves called the depressors run firom receptor organs m the aorta to 
the medulla oblongata, which they enter "with die vagus If the aorta 
be distended by an abnormally high blood pressure, impulses run up 
them to the medulla The reflex response to this is a slo'wmg of the 
heart by the vagus and an openmg of small arteries The opposite 
occurs if the aortic pressure falls There is also a pressure gauge m the 
bram itself If pressure is put on the brain firom outside, for example, 
by a clot of blood under the skuU, its vessels will coUapse, and the 
bram -will force the heart to raise the artenal pressure nil they open up 
again. In this "way the artenal blood pressure is kept steady, so that any 
organ can obtam the blood supply it needs by openmg up its blood- 
vessels 

But the bram does not allow an indisc rimin ate compeunonbetween 
different organs for blood supply. The arteries as well as the heart 
are under nervous control A senes of nerves called vasocon- 
stnctors run m the sympathettc system to the smooth muscle of the 
artenal walls The vasoconstnctors come mto play m circumstances 
which affect the body as a whole, such as change ofposture, or -violent 
exerase When a man gets up after lymg do-wn die blood tends to 
flow mto his belly and legs, and this is prevented by the contraction of 
the artenes of these parts, under impulses firom the vasomotor centre, 
which Hes near the heart-regulatmg centre m the bram If he has been 
in bed some da-ys the vasomotor centre is out of practice and his brain 
nms short of blood, so that he becomes dizzy and may faint, 

If there is a great deal of blood m the guts and skin, as when we are 
sittmg before the fire after a hea-vy meal, this may even happen on 
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Fig 35 Diagtam of a rtucroscopical scchon 
through the human skin The ectodermal 
part or epidcnius consists of undifferentiated, 
actively dividing cells below {Em), which 
gradually become changed into homy plates 
(jEc) It also gives rise to tubular invaginations, 
the sweat glands, one of which is seen at gl, 
■with Its duct (d) The mesodermal part or 
dermis consists of connective tissue (Dc) ■with 
blood-vessels (v) and nerves (»), some of the 
latter leading fiom touch organs {tc) It also 
contains fat cells (J) No hairs or sebaceous 
glands arc shown in the secaoii. (Hmdcy, 
Ltssons m Etanentary Physiology, 1915 ) 
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getting out of a chair. Again, during muscular exertion the artenes to 
the guts contract, and digestion has to stop 

The vasoconstrictor nerves are also exated by chemical stimuh to 
the bram If we are throtded or breathe very impure air, the CO 2 of 
the blood goes up and the O 2 down. The vasomotor centre then nar- 
rows down all artenes except those to the heart, lungs, and bram, and 
the blood pressure rises These three essential organs must have an ade- 
quate supply of oxygen, whatever else goes short The other organs, 
if left to themselves, would open up then: vessels, but m a general 
emergency they are not allowed to do so The heart is also speeded up. 

There are also vasodilator nerves For example, when a dog gets hot 
the vessels m its tongue are opened up by a special nerve Moreover, 
many of the nerve-fibres whose stimulation causes pam send branches 
to the local blood-vessels When a pam spot is stimulated, impulses run 
up to the spmal cord They also run direcdy to the local vessels, which 
open up, causmg reddenmg of the skm, this is almost the only reflex m 
higher animals of which the nervous path is entirely outside the central 
nervous system 

The above are cases where an organ gets blood which is not to be 
used mainly as a gas carrier The same occurs m an actively secreting 
gland A sahvary gland when active uses three times as much oxygen 
as when at rest But it also needs a great deal of water to make sahva, 
and It IS as a source of water rather than of oxygen that it needs blood. 
Its blood supply must go up five times, and as the ordinary chemical 
call for blood is not effective, a vasodilator nerve is used As the blood 
supply goes up more than the oxygen consumption, the venous blood 
of the active gland is actually redder than usual 

A much more important case of non-respnratory blood supply is the 
skm’s (Fig 35). The human skm excretes energy just as the kidneys 
excrete matter AU the heat produced m the body has to get out, and 
seldom does more than a fiifth of it get out m the breath The remamder 
goes through the skm, and its loss is regulated m such a way as to keep 
the temperature of the body very constant If we go mto a hot room 
the same amount of heat has to be lost m a given time, but it is obvi- 
ously harder to get nd of it If we work hard and produce more heat 
m our bodies, more heat has to be lost m a given time, though the loss 
of a given amount is no harder In each case the skm responds m the 
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same way Its small arteries open up and it gets red and warm Heat 
IS thus brought from the inside to the surfiice m large amounts and 
rapidly lost, as from the radiator of a motor vehicle If this means of 
losing heat is insufBaent, we bcgm to sweat The sweat comes from 
miaoscopic glands under nervous control It consists of water con- 
taining less salt than the plasma. When this evaporates the skm is 
gready cooled, for water has a big latent heat of evaporanon. Sweat 
that does not evaporate does not cool us, and it cannot evaporate if the 
air IS already saturated with water vapour So sweating is useless m a 
hot and damp atmosphere, which is therefore far more oppressive 
than a dry one of the same temperature The ordinary thermometer 
does not tell us whether we shall be able to lose heat or not. For this 
purpose we use a “wet bulb” thermometer. The bulb is wrapped m a 
wet cloth, so that the dner the air is, the more heat it can lose by 
evaporation. It is therefore m the same position as a man whose clothes 
are soaked with sweat If the air is saturated with water the wet and 
dry bulb thermometers have the same reading, if the air is dry the wet 
bulb thermometer may read more than 100° Fahrenheit lower 

Men can stand dry heat far above boihng pomt, staying m a room 
where a steak is cooked m five minutes, and only commg out when 
their hair begins to singe But a wet bulb temperature above 90° 
Fahrenheit is fetal, and above one of 75° Fahrenheit the capaaty for 
work IS lowered. We get an idea of the cflSaency ofswcatmg by con- 
sidering a man m feirly dry air at body temperature (98 5° Fahrenheit) 
He can lose no heat by conduction or convection, so it must all be 
used in evaporating water He has to lose 3,000 kilocalones per day 
But the evaporation of 1 htre of water at body temperature requires 
570 kilocalones, so m a day he must sweat 5 3 htres, or 9 3 pmts 
Actually many men can sweat 1 htre per hour, and the world’s sweat- 
ing record is held by an English coalmmcr who lost 18 pounds (1 8 
gallons, or 8 htres) m 5 J hours 

To make up for the loss of sweat one must dnnk more water and 
eat more sodium chlonde than usuaL Mmers workmg in great heat 
are therefore fonder than the average man of bacon, kippers and salt. 
Many animals, such as dogs, have very few sweat glands, but produce 
a very thin sahva which they evaporate by rapid shallow breathmg, 
panting with open mouth and tongue hanging out. 
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Several parts of the brain are concerned m heat regulation They 
receive nervous impulses from the skm, and also from local organs m 
thfc bram ■which measure the temperature of the blood hke thermo- 
meters Thus, if certain, parts of an animal’s brain, or the blood gomg to 
them, are heated, the animal begins to flush and sweat, and the rest of 
Its body IS cooled dovra If the bram is cooled the animal shivers and 
Its temperature rises 

During adaptation to heat we cannot cut do'wn our heat production 
except by keepmg stfll, but when cold, besides shutting do-wn the skm 
vessels, we first tighten up our muscles, then shiver, and finally take 
exercise In all these ways more heat is produced In many diseases the 
temperature uses This is not due to mcreased heat production, but to 
diminished heat loss o-wmg to perverted fimction of the temperature 
centres A man whose temperature is thus rismg feels very cold until 
It has reached the new level to which he is regulating He shivers and 
complains of the draught, to which he may put do'wn his fllness If his 
temperature falls qmckly he sweats profusely and feels very hot 

Mammals and birds have a nearly constant temperature, but other 
anunals have a vanable temperature, a fraction of a degree above their 
surroundings If we warm a “cold-blooded” animal through about 
5° centigrade we double its rate of oxygen consumption, and all its 
other acti'vities. For example, it is possible to read the temperature 
•within 1° Fahrenheit by measurmg the distance walked by an ant in a 
minute’ Cold-blooded animals cannot move qmckly m wmter, and 
mosdy die or rest m holes The acti'vities of mammals and buds are not 
slowed do'wn, so they are the dominant animals m temperate and cold 
chmates But m hot countnes, snakes, crocodiles, and so on, are able 
to compete successfully with warm-blooded animals A few mam- 
mals, such as hedgehogs and domuce, compromise by sleepmg 
through the -wmter at a low temperature (and therefore a low rate of 
oxidation), but they never let their temperature fall to that of their 
surroundmgs 

W e must now turn to chemical regulation of the composition of the 
blood and tissues It wfll be convement to begm -with the gases, the 
quantity of which m the blood is regulated by breathmg 
The ob-vious duties of the lungs are to get nd of COa and let m O., 
and if we go mto a room containing say 6 per cent of CO* instead of 
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the normal 0-03 per cent, or 10 per cent of Oj instead of the normal 
20 9 per cent, the breadung mcreases greatly However, a small drop 
m the O, of the an: breathed has no visible effect on the breathing, 
because the ha:moglobm is already almost saturated ivith oxygen at 
a pressure less than that m the lungs So want of O, cannot be what 
normally keeps the breathmg gomg To find out how the breathmg is 
regulated we must take the samples of air fi:om the very bottom of the 
lungs, where it is m equihbnum with the blood This, which is called 
the alveolar air, can be obtamed at the end of a deep breath out The 
amount of carbon dioxide m it is very constant, about 5 ^ per cent, 
whereas the amount of oxygen vanes a good deal If the amount of 
carbon dioxide mcreases by only 3 per cent of its normal value, the 
breathing is doubled, if it falls by the same amount, as after voluntary 
over-breathing, the breathing stops The main reason why we breathe 
more dunng moderate muscular exerase is because more carbon 
dioxide IS bemg produced, and this stimulates the respiratory centres 
m the bram to make the breathing muscles do more work. Thus the 
lungs have the function of keeping the COi pressure m the tissues at 
the normal level, not merely of excreting it 
Carbomc aad seems merely to act on the respiratory centre m virtue 
of Its bemg an aad. If another aad, such as hydrochlonc, is mjccted 
or dnink', die breathing is gready maeased, while it slows down when 
an al kalin e substance such as sodium hydrogen carbonate is taken The 
most femihar case, however, is that of very violent exercise When 
the muscles are workmg so ffst that they cannot get enough oxygen 
for their recovery process, lactic aad accumulates m them and leaks 
out mto the blood, from which it is only gradually removed So after 
runnmg a quarter-mile the extra carbon dioxide is got nd of m the 
few mmutes of violent panting which succeed the race, but a small 
maease of the breathmg, due to lactic aad, may persist for half an 
hour OK so During this time the alveolar carbon dioxide pressure is 
kept below normal by the extra breathmg, thus compensating for the 
aadity wmeh would otherwise be produced by the lactic aad 
Serious pxygen-want also exates the respiratory centre If one goes 
mto air contammg only about half the normal 20 9 per cent of 0„ one 
at once begins to pant, but after a while the panting dies down, 
because a lot of CO. has been blown out of the body by the mcreased 
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breatktng, and the respiratory centres have no more reason to dis- 
charge nervous impulses than before, their normal stimulus, CO2, 
bemg reduced m quantity. So a man who has gone into bad air at first 
pants enough to keep his blood supphed with oxygen Then the 
breathmg becomes normal, and he falls unconsaous with oxygen- 
want A candle is often a much better measure of oxygen-want than 
one’s own feehngs 

Another way m which the breathmg is affected is by the process of 
digestive secretion When the stomach secretes hydrochlonc aad the 
blood would be too alkahne if carbomc aad were not kept back to 
take Its place, so the breathmg is shghdy slowed down Later on, the 
panaeas and mtestme begm to remove alkah from the blood for their 
seaetions, and to prevent it getting too aad the breathmg has to be 
maeased These changes are too small to observe directly, but can 
easdy be measured We can get some idea of why the alkahmty of the 
tissues has to be regulated so carefully by experimenting with tissue 
or enzymes taken from them If we take a dead organ and preserve it 
carefully from bactena it does not putrefy. But if it is kept at body 
temperature the tissues gradually soften and are found to be digesting 
themselves This is due to enzymes m them. The dying tissues produce 
aads, and m a shghdy aad medium these enzymes work very much 
more rapidly than m an alkaline or neutral one 

Thus, to prevent an organ from digesting itself it must be kept 
shghdy alkahne The best known of these enzymes is that m the hver 
which breaks up its glycogen mto sugar A qmte fresh hver, besides 
bemg very tough, does not taste sweet If it is allowed to digest itself 
for a few days it not only becomes tender, but sweet Some other 
enzymes act more rapidly m a medium more alkahne than the normal, 
so if the reaction of the tissues is altered the normal balance between 
the different chemical processes is upset, and death may occur. 

Just as the lungs regulate the amount of gases m the blood, the 
bdneys regulate the amount of the soluble bodies The blood which 
passes through these organs is always altered so as to resemble an 

ideal” blood Thus, if there is more water m the blood plasma than 
ui this ideal or standard plasma the fadney secretes an unusually watery 
tirine, and the plasma of the blood m the renal vem therefore contams 
less water than the artenal blood, and resembles the standard plasma 
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more closely as is more usual, espeaally m hot weather, thej 
rather less water m the plasma than m the standard plasma, the lad 
secretes a concentrated urmc, so the blood leaving the kidney c 
tains more water than that entermg it The substances found m bli 
and urme can be divided mto two classes The first class mclu 
almost all foreign substances, for example, iodides, dyes, or fore 
proteins mjected mto the blood These are removed by the kidm 
however httle there IS m the blood It also mcludes some very imp 
tant waste products, such as urea, the substance which contains m 
of the mtrogen rcsultmg fi:om protem oxidation. The rate at wh 
such substances arc excreted is roughly proportional to the amouni 
a given volume ofblood The second class mcludes most of the norr 
constituents of plasma, such as sodium, potassium, calaum, m< 
nesium, chloride, bicarbonate, phosphate and sugar These substan^ 
arc only excreted if the quantity of one of them contamed m a giv 
volume of plasma exceeds a certam limit, called the “threshold ” F 
example, the amount of chlonde m the plasma is generally a few f 
cent above the threshold, and there are, therefore, chlondes m nonr 
urme But if we drink a lot of water after violent sweating, the amou 
of chlonde m the plasma falls below the threshold, and it disappet 
firom the urme Normal blood contains about 0 10 per cent of gluco* 
a simple sugar If a healthy man takes 100 grams of glucose the amou 
m the blood rises to about 0 13 per cent, but none appears m the urm 
The threshold value for the kidney IS about 0 17percenLlf, therefor 
the arrangements for storing sugar are out of order, as m diabetes, 
dose of 100 grams will make the blood sugar rise above 0 17 per cen 
and sugar wdl appear m the urme 
Besides excreting substances foimd m the blood, the kidney maki 
a few substances For example, sulphunc and phosphonc aads ai 
made throughout the body by the oxidation of the proteins Tl 
kidney has to get nd of these, but its cells and those of the unnai 
passages are damaged by strong aads It therefore excretes the su 
phunc aad not as such, but as ammomum sulphate, which is neute 
m reaction. But there is not enough ammoma m the blood to fimus 
all that IS required for this purpose Amm onia and ammomum sail 
arc poisons when uyccted mto the blood stream, and the hver con 
verts alm ost all the ammoma reaching it mto urea, which is nearl 
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harmless So the kidney has to make its own anunoma, and the more 
aads It has to excrete the more ammoma it makes. 

The kidney is doing work hke a muscle, for work has to be done m 
concentrating substances, just as m compressmg gases For example, 
to concentrate the urea m a htre of blood into about 20 cubic centi- 
metres of urme, as the kidney does every twenty mmutes or so, 
requires at least as much work as to compress a htre of gas cont ainin g 
as many molecules as there are urea molecules m the blood, mto 20 
cubic centimetres Actually the number of urea molecules m a htre of 
blood is the same as that m a htre of gas at a tenth of an atmosphere 
pressure, so the work needed is that required to compress this gas to a 
pressure of five atmospheres, i e , 40 kilograminetres In order to do 
this work the kidney needs oxygen. Its oxygen consumption can be 
measured by determining the rate at which blood flows through it 
and the amount of oxygen lost by this blood. As a matter of fact, the 
kidney uses a good d^ more oxygen per gram per minute than the 
heart, and like the heart, will mcrcase its oxygen consumption three 
or four times if it is given work to do. 

But if we mject salt solution of about the composition of plasma, 
the kidney needs no more oxygen, although the volume of urme 
secreted per mmute is mcreased This is because it has no work to do 
m concentratmg the salt, but it merely acts hke a filter. If on the other 
hand we mject urea or sodium sulphate, its oxygen consumption 
mcreases, as these substances have to be concentrated. Other glands 
behave m a similar manner, requiring more oxygen when stimulated 
to do worL 
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W E SAW THAT, among other things, the kidney was responsible 
for preventmg the amount of vanous morgamc substances in 
the plasma from rising above fixed values, while, as will be seen later, 
other organs serve to keep them up to those values What would hap- 
pen if the amounts of these bodies deviated Scorn the normal? Their 
importance is shown by the extraordmary fact that an organ such as 
the heart or hver can be kept ahve for many hours m a solution of 
morgamc salts which arc present m nearly the same proportions as m 
plasma. For mammahan organs such a solution is — 

NaCl, 0 8 per cent, KCl, 0 02 per cent, CaCl„ 0 02 per cent , MgClj, 
0 01 per cent, NaHCO,, 0 1 per cent. 

This solution, who'se composition was worked out by Rmger, must 
be saturated with oxygen, and a htdc glucose may be added as a 
source of energy Now if we leave out the vanous constituents, or 
mcrcase them above the standard amounts, we shall find out what 
functions they are performmg The salts do not permeate the cells, or 
only do so very slowly, but afiect their surface properties If the solu- 
tion perfiismg, say, a rabbit’s excised but stdl beating heart is diluted 
with water, the heart swells up and stops It has become sodden with 
water as does the skm of the hands m a hot bath, for water runs mto 
the cells and dilutes then contents If we make the solution too strong 
the cells shrivel up fiom loss of water If we replace most of the sodium 
chlonde by the corresponding number of molecules of cane sugar the 
heart goes on beating Clearly the main function of the sodium chlonde 
IS to prevent the cells firom taking up too much water If we leave out 
the potassium the heart goes mto a state of cramp Potassium is needed 
for Its relaxation If we leave out the calaum it stops m a flabby con- 
dition, and so on. A heart so stopped may be revived hours later by 
addmg the missing salt Other organs behave m the same way Thus, 
if there is too much or too htde calaum m the flmd m its blood-vessels, 
the kidney refuses to hold back sugar when the amount of sugar m the 
flmd perfiismg it is below the normal threshold value 
We caA.also observe eSccts of the same kmd on a man or ammal, 
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though here the nervous system is generally affected before the other 
organs. Thus, if a man dnnks water for some hours more rapidly than 
his kidneys can get nd of it he gets cramps, and later convulsions If 
he lowers the calaum to half its normal value he gets another type of 
cramp, and so on 

One of the most remarkable things about the plasma salts is that 
they are nearly the same as those of sea-water diluted with water to 
about three times its volume Such a solution would, however, among 
other thmgs, contam too much magnesium and sulphate Now the 
blood of marme mvertebrates is very like sea-water, while that of sea- 
fish IS generally somewhere between that of mvertebrates and that of 
land vertebrates. Many people, therefore, think that land vertebrates 
are descended firom fish which left the sea when it contamed less salt 
than now, and that our blood plasma has kept the composition of the 
sea-water to which the cells of our ancestors were accustomed 
Besides the morgamc substances mentioned, the plasma contains 
phosphates, which are also kept m by the kidney. They play a very 
important part m the formation of bone, which consists largely of 
calaum phosphate There is an exceptionally large amount of phos- 
phate m the plasma of growing children, and of adults who have 
broken a bone and are engaged m repainng it If the amoimt of phos- 
phate or of caldum m a child’s plasma falls below normal it is imable 
to form bone properly, and develops nckets 
Although an organ can be kept ahve for many hours by morgamc 
substances, yet orgamc compounds are of course needed for its pro- 
longed existence, and a heart will survive longer if, for example, a 
httle sugar is added to its salt solution As we saw, the blood contains 
about one part m a thousand of sugar, and this does not fall much m 
a starved man or animal In this case glycogen is broken down by the 
hver to keep the sugar level up, and after the glycogen is mainly used 
up, the organs then oxidize fet rather than sugar, and leave the blood 
sugar about normal In the same way the amount of ammo-aads 
remains fauly steady, though of course there is a small temporary rise 
after a protem meal The amount of fat vanes somewhat more, and 
after a very heavy ft,t meal the plasma may be qmte milky with 
nuCToscopic fat drops 

The hver plays an important part m keeping the amounts of sugar 
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and ammo-aads steady It stores extra sugar as glycog'fen, and removes 
the ammoma from excessive ammo-aads The residue oftheammo- 
aad molecule left can be oxidized, and m some cases can be made mto 
sugar if required. But besides dealing with excess of normal blood 
constituents it can destroy poisonous substances commg to it from the 
gut These substances are generally the result ofbartend action there 
The bactena attack the proteins of our food, but have not enough 
oxygen to utilize them fully They therefore exaete unoxidized frag- 
ments of proteins, just as the yeast cell exaetes ordinary alcohol made 
from sugar which it cannot bum. Among these exaetory products 
are phenol (“carbohe aad”), aesol, mdol and skatoL The last two are 
foul-smelhng, and all are poisonous They are absorbed from the gut, 
but on reachmg the hver they arc combmed with sulphunc aad, 
apparendy by an enzyme, to form qmte harmless substances which 
are exacted by the kidney If, however, they enter the blood m very 
large amounts a proportion gets past the hva and the whole body 
appears to suffer The hva acts m the same way with many other sub- 
stances It has more varied chemical functions than any other organ. 

BesideSj^^tuff and vanous colloids with which we shall deal 
later, the plastef contains m exceedmgly small amounts certam orgamc 
substances of great importance which are poured mto it by special 
organs, mcluding the duedess glands, such as the thyroid Some of 
these substances, like adrenalin, are present m varymg amounts and 
art as hormones or chemical messengers between different organs 
Othen seem to be present m fauly constant amounts, and are needed 
for the normal workmg of the body {see also pp 260-1) 

Insuhn is produced by certam miaoscopical "islands” of tissue m 
the panaeas, and passes out of them mto the blood stream If these 
islands of msuhn-producmg tissue are removed or diseased the tissues 
become more or less completely unable either to oxidize or store the 
sugar of the blood The amount present m the blood maeases, 
especially after meals contammg carbohydrates, and when it rises 
above the threshold value the kidney exaetes it and it is wasted What 
IS even worse, the tissues begm to make sugar from proteins, and this 
too IS exacted So a man •with severe disease of the parts of the pan- 
aeas which make msuhn gradually wastes away This condition is 
called diabetes If he is still making some msuhn we can often keep 
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lum alive on. a meagre diet which he canjust deal with, but in severe 
cases we have every day, or several times a day, to iryect insulin ma e 
from the pancreas of animals. Unfortunately an overdose of msuhn 
will depress the blood sugar below normal, which may bnng on con- 
vulsions and death. Insuhn has not yet been obtained m a pure state, 
but we know that very httle is needed, for less than one milhgram per 
day of our strongest present preparation is needed even m severe 
diabetes 

The thyroid gland in the neck makes a substance called thyroxm, 
which has been obtamed m a pure crystalline form and whose chemi- 
cal structure is known Absence or removal of the thyroid does not 
lead to immediate death, but to a condition called myxoedema m the 
adult mammal, cretinism m the young In this state the restmg Og 
consumption is only about 60 per cent of the normal, and the adult 
patient becomes fat, sluggish, stupid and bald, while a child develops 
abnormally and is idiotic, and a tadpole never metamorphoses mto 
a frog These conditions can be completely cured by administer- 
ing thyroxin or extracts of the gland. Fortunately, thyroxin is not 
destroyed, like insulin, by digestive enzymes, so it can be given by 
the mouth (Plates 13 (i), 14) 

Thyroxm has such a powerful effect that only about a third of a 
milli gram per day is needed to keep a thyroidless man normal, and 
this amount will cause the oxidation of a quarter of a milhon times its 
weight of glucose The th}Troid gland sometimes swells up and pro- 
duces too much thyroxm The restmg consumption then rises and 
may reach double the normal amount In one hospital the patients m 
the ward reserved for hyperthyroidism eat twice as much as those in 
any other ward! They become thm and nervous, and then eyes tend 
to protrude They can generally be cured by cutting out the gland 
wholly or m part 

Thyroxin is an orgamc substance mcludmg four lodme atoms m its 
molecule, so if there is not enough lodme in die food and dnnk it can- 
not be made m suffiaent quantity In many inland distncts swelhng of 
the thyroid is found along with a low or normal restmg metabolism 
This disappears when a few milhgrams a week of an iodide are given. 
The gland which has been overworking m an attempt to make 
thyroxm with too htde lodme rapidly recovers The same simple 
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Fig 36 (from an old print) A giant and a dwarf The giant wai only seven- 
teen years old, but 8 feet high His condition must have been due to over- 
production of the secretion of the anterior part of the pitmtary m youth, before 
the long bones had ended their growth m length Note the disproportionate 
length of his limbs and extrermties The dwarf (only 2 feet 4 inches high) 

\ IS of a well-marked type with relatively large head 
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remedy has made it possible to rear sheep m the Amencan State of 
Michigan, where, O'vs'mg to lack of iodine m the soil and water, they 
were formerly unable to hve On the other hand, healthy people may 
make too much thyroxm if given excess amounts of iodides 
Another gland with important mtemal secretions is the pitmtary, 
which produces at least two different substances The postenor part 
produces a hormone, pituitrm, which affects smooth muscle It seems 
to be needed for the normal function of the capillanes, which become 
relaxed and leaky m its absence, while the kidney produces large 
amounts of a watery unne It also has a powerful effect on the womb, 
and is used to help it to contract dunng childbirth. The antenor part 
of the pitmtary is concerned m regulatmg growth When it is removed 
we get a dwarfish conchtion, and when it is enlarged and secretes too 
much we get overgrowth The precise effects depend on age In a 
child, a long bone, such as the femur, consists of three parts, the shaft, 
and two bony pads at each end, called the epiphyses Growth takes 
place not at thejomts but at the soft cartdagmous junction between the 
shaft and the epiphyses. If the pitmtary begins to over-secrete before 
the epiphj'scs have been jomed by bone to the shafts, the patient 
becomes a giant, if aftenuards, he becomes only a httle taller, but the 
epiphyses, lowerjaw, brows, and some other bones grow m tbckness, 
and a condition called acromegaly results, characterized by large 
hands and feet and a pecuhar faaal expression Clearly for nor mal 
health the pitmtary, like other glands, must produce just the nght 
quantity of its mtemal secretions (Hg 36) 

The adrenal glands, which he just above the kidneys, also consist 
of two parts Thd central part secretes adre nalin, a substance which 
produces the same general effects as stunulatmg the sympathetic 
nerves, for example, a nse of blood pressure, a slowmg down of the 
movements of the gut, and a pourmg of sugar into the blood 
Adrcnahn seems to be constandy entermg the blood, but m larger 
quantities dunng emotion The outer part (cortex) of the adrenals is 
necessary for life, and probably pours somethmg mto the blood, but 
we do not know what. The parathyroid glands, which he m die neck 
m or near the thyroid, also produce an mtemal secretion which regu- 
lates the amount of calaum m the blood plasma The gonads also 
produce mtemal secretions, which control the appearance of the 
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secondary sexual characters which distinguish the two sexes For 
instance, they act on the nervous system, and cause the appearance of 
the instincts connected with sex They also influence the growth of 
the skeleton and other structures, such as combs and spurs m fowl, 
horns m deer, Snd the larynx and beard m man At the time of wnting 
one of their mtemal secretions has been obtamed m a fairly active con- 
dition, though not yet pure 

If we take a few hvmg cells from an organ, and grow them under 
the best possible conditions, usually m plasma to which have been 
added extracts of embryomc tissue, they will continue to divide 
mdefimtely if they are protected from bactena. Cells from a chicken’s 
heart have grown m this way for over ten years, a few being trans- 
ferred to fresh fluid every two or three days It appears probable that 
they could be grown mdefimtely m this way, so that m the body their 
death with the natural death of the fowl by old age must be due to 
causes outside themselves Blood contains substances which encourage 
cellular gro-wth, and others which check it As an animal grows up 
the former decrease m quantity One cell may produce a substance 
which stimulates another type of cell Thus a healing wound is full of 
leucocytes, which crawl mto it from the blood-vessels As these die 
they hbefate a stufi" which causes another kmd of cell, the fibroblast 
(which produces connective tissue), to grow and multiply, as can 
easily be shown on a tissue culture The fibroblasts m tissue near the 
wound therefore grow out mto it, formmg tough fibrous scar tissue 

Sometimes growth regulation breaks down, and the cells of some 
part of the body grow too qmckly, causing a tumour This may be 
harmless, like a wart, but if the growing cells migrate mto the sur- 
roundmg tissues and finally to distant parts of the body, the growth, 
which IS then called a malignant tumour, or cancer, is very deadly 
unless It IS removed when still small We do not yet know exactly 
why cells become cancerous, though m some cases this condition is 
undoubtedly caused by chrome imtation, for instance, by tar m tar 
workers, by certam parasitic worms m rats 

One of the most important functions of the blood is to clot. If this 
does not happen, as m certam diseases, a man may bleed to death from 
a tiny scratch. Blood does not clot m the blood-vessels, even ifthey arc 
removed from the body, and dots only very slowly m weU-greased 
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receptacles But contact with broken cells or "with most foreign bodies 
leads to clotting, in the latter case apparently because they cause cer- 
tain of the formed elements m the blood to burst At least four sub- 
stances are concerned m clottmg. The clot is mostly made from 
fibrinogen, a protem dissolved, m the plasma, but at least three other 
substances play a part, namely, calaum (bme salts), a protem called 
serozyme, and a waxy substance called cytozyme produced by the 
breaking up of cells. It is still uncertam exacdy how they mteract, but 
interference with any of them will stop the blood from clotting. For 
example, a htde sodium or potassium oxalate will preapitate all the 
calaum of blood as calaum oxakte, and thus keep the blood flmd. 
Of the other proteins m the plasma some are concerned m the 
defence of the body from infection, though it is possible that fat-hke 
substances play a part too Infectious diseases are caused by animals 
and plants, some of rmcroscopic size, some, such as that which causes 
most common “colds,” too small to be seen with a rmcroscope. One 
of the best known of the visible ones is the bacillus which causes 
diphtheria. It grows m the throat, which it may occasionally obstruct, 
and does not usually spread to other parts of the body, but hberates 
into the blood a poisonous protein which is particularly dangerous to 
the heart If a man has had diphtheria this protem, called diphtheria 
toxm, is no longer poisonous to him, and what is more, if some of his 
blood is mixed with the toxm, it renders it harmless when mjected 
mto someone else In practice one mjects ground-up dead diphthena 
baalh mto a horse so that it develops antitoxm without havmg had a 
sore throat Its blood now contains antitoxm and will protect human 
bemgs against the toxm We do not yet know the exact chemical 
nature of the toxm and antitoxm, but we know a great deal about 
them — ^for example, m what hqmds they are soluble and at what tem- 
peratures destroyed. We also know that the antitoxm puts the toxm 
out of action by formmg a rather loose compound with it Unfortun- 
ately, few bactena kill us m the rather simple way employed by the 
diphthena baallus, so few diseases can be cured by antitoxins, although 
they are qmte effective against snake bite 
Another type of immunity is that developed to typhoid baalh 
The serum of a man who has had typhoid, when added to a suspension 
of typhoid baalh m water or salt solution, makes them stick together 
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miUion or so cells that make up your or my body is suffiaendi 
phcated, but it is simple compared to the chemistry of the re; 
between the hundred milhon mdhon molecules that make up a 
average size The study of those reactions is the mam task c 
chemistry Suffice it to say that wc have begun to isolate many 
mtermediatc products of metabolism and the catalysts that gov( 
course of the reactions by which they arc formed But the life of 
mdividual cell is m its way as complex as that of the whole be 
the description of which we have taken the mdividual ccUs for gr 



CHAPTER NINE 


SOME POINTS IN THE 
PHYSIOLOGY OF DEVELOPMENT 

I N THE LAST few chapten the existence of the fully grown animal 
or man has been taken for granted, and the attempt has been made 
to discover as much as possible of its way of working, we have been 
studying the physiology of adult life. But the adult animal (and plant, 
for that matter) is not a ready-made article — it has to develop. In the 
second chapter we studied development as revealed by simple obser- 
vation. But that gave us no more than does a mere descnption of 
structure for the adult organism. We want to know somethmg of the 
physiology of development just as much as of the physiology of adult 
life. 

The great diSerence between the two branches of physiology is 
this — that while adult physiology is dealing with stability, devdop- 
mental physiology is dealing with change. In the former case, the 
general characters of the organism, m spite of alterations m detail, 
remain the same over long penods of time, and one of the most 
prominent features of the processes of adult hfc is that, as a whole, 
they constitute a self-rcgulatmg system, m which any excess in one 
direction automatically bnngs mto play forces acting in the opposite 
direction. But m devdopmental physiology, the oiganism is always 
passing from one phase mto another, and even if some of the p ha ses — 
like the tadpole stage of the frog — are of comparatively long duration, 
yet processes are always at work which at length will upset the self- 
regulative power of the system, and will make it change mto some- 
thing qmtc different 

Besides these processes of normal development however, others 
of the same general type may occur as the result of speaal circum- 
stances. The frets of regeneration, for mstance, come under this head; 
and, as a matter of fret some analysis of regeneration will be found to 
give the best startmg-pomt for a discussion of developmental physi- 
ology in general. 

Regeneration is not a very frmihar fret to most of us, smee it is 
present to a very shght degree in ourselves and in the animals we 
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know best But worms or polyps, or indeed most of the lower ammals 
— if they could think — ^would find regeneration the natural, normal 
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kmfe cut it dean across The experiment sounds cruel, but in reality 
you will have artifiaally encouraged the multiphcation of the speaes 
Each of the bits, replaced in water, wiU regenerate what is lost and so 
become transformed mto a complete worm. The same would have 
happened if you had cut the animal into half a dozen cross-pieces 
instead of two, and equally whether you cut it down the middle or 
across If you persisted, you would discover two mam ]&cts m the 
course of your experiments — that any piece of any shape, provided it 
was above a certam qmte small size, is capable of regeneratmg mto a 
whole animal, and tlut this happens equally whether the regeneratmg 
pieces are fed or not (Fig 40) 

The same would have been true if instead of a Plananan you had 
cut up the htde polyp Hydra, and almost the same with the smallei 
Annehd worms such as Lumbnculus The same also holds for the 
microscopic smgle-ceUed Protozoa, although here the operations are 
much more diflBcult owmg to the animal’s small size 

It IS also true for the very early stages of development m many lands 
of animal In a newt either of the two first cells produced m segmenta- 
tion may, if artifiaally separated, give nse to a whole embryo; the 
same holds m man y animals for any one of the first four cells, or for 
most fragments of the late segmentation and blastula stages (Fig. 37) 

Thus regeneration of the extreme type — ^what we may call com- 
plete regenerative capaaty — ^is found m the simplest types of animal 
and the earhest stages of development It must therefore be thought 
of, not as a special property developed to meet the rare contmgency 
of losmg a limb or bemg bitten m two, but as something natural to 
hvmg dungs, and present unless circumstances forbid it 

Further ^cts confirm this view In animals of a rather higher grade 
of organization, such as the more compheated worms, Crustacea, 
some msecti, and some molluscs, the power to regenerate is stiU 
present, but it is limited No longer can the animal be cut m half, or 
into a number of Htde bits, without losmg its capaaty for life, but so 
long as certam central and essential organs remain at work, very con- 
siderable losses, such as those of a limb or a tail, can be replaced. This 
degree of regenerative power continues even mto the land vertebrates 
Although the firogs and toads do not, the lower or tailed amphibia still 
possess It. Even a mature newt or axolod can grow not merely a new 
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toe or new foot, ^‘Ynt can repair the loss of a wholehmd-limba^limb 
^aicTiuswcniay^ ^j^g^„atiotLlnsuchaiumah,thc^^^ 

stages u? dcvelopmetP^ ^ j^ch as a limb are capable of 

complete regeneration^ Thus, by cutting a tadpole’shmbbuds so that 
a number of separated bit, animal may be made to grow 

more than the normal comp^ (Pjg 33 and Plate 15, ( 1 ) ) 

The same Ji°“tatton of js seen, as might be expected, 

during development also ForT^ instance, wkle the amphibian m its 
segmentation and blastula stages almost complete regenerative 

capaaty, the tadpole can only regenef,, jyjgjj. organs, and the fiog 
can do no more than heal wounds Even m ^ ,jnewts and salamanders 
regeneration is much more rapid m the tadpole thaS^-,| . die adult 
Among reptiha, lizards are the only animals which posi Aess even the 
power of organ regeneration, and m them it is confined i/J to the tail 
When we look closely we find that here the ongmal gener\|j /al power of 
regeneration inherent m hvmg thmgs has been retamed usj , this organ 
for particular biological reasons, and has been comhmed w wth speaal 
adaptations to m ake it of greater value to the animal Tha hzaxd has 
the power of self-mutilation (or autotomy as it is often calla If you 

catci a common hzard by the tad you find that after m i moment 
or two of squirming, the tad, broken off short at the rooty will be all 
that you have m your hand, and the rest of the lizarff^Va be running 
offmto safe hidmg This is only made possible by|4 speaal structure of 
the vertebrae of the base of the tad, they ha'Sirfc a crack on cither side 
which penetrates almost to their centre, ^and the tad muscles arc so 
arrang^ that when one set of them con^Sacts they pull at the further 
half of one of these vertebrs, and s£ap it off across the plane of 
weakness I 

The tad when broken off is, thou^n doomed to death withm a few 
hours, not yet dead, and it continues to execute the most violent 
wngglmgs andjcikmgs for some tiime. In nature what occurs is appar- 
ently as follows When a bird otB other enemy makes a pounce at 
the hzard, it will often only succ^d m catchmg it by the taiL When 
tliK happens, the tad is broken Om, and by its squirmmgs continues to 
keep the attention of the attackex\^hde the hzard itself is making for 
safety The tad is lost and devourem, but the hzard grows a new one 
If Ii7jirfl-<^nno- animals weip rancrRal they would probably confine 
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themselves to tails, gathering the annual crop as we gather the annual 
crops of frmt off a frmt tree In any case, the lizard often saves itself 
by sacnficmg its tail {how often could be established by fmdmg out 
how long tail regeneration takes, and then by examining a number of 
lizards from one locahty and notmg how many were m process of 



Fig 38 Ventral view of a metamorphosing 
toad {Pelobates) with six legs This condition 
was brought about by cutting mto the eady 
limb buds, each separate piece developing 
mdependently 

growmg new tads — an experiment well worth trying) , and this desir- 
able end has only become possible by addmg the speaal mechanism 
for breaking off the tad to the primitive power for regeneration. 

Crabs and many other arthropods have this power of autotomy m 
their hmbs, and some worms when handled break their whole body 
into fragments, each one of which vtU regenerate mto a complete 
mdividual! 

One word about the power of regeneration in mammals and our- 
selves Although we cannot grow new hmbs, yet our wounds will 
heal, and this is stdl a real regenerative process, we may call it wound 
hcahng or tissue regeneration It is also to be remembered that in a 
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certain sense the growth of such tissues as the epidermis is a contmual 
regeneration — ^for somethmg is contmually being lost, and as con- 
tinually bemg renewed These last processes fall under the head of 
normal or physiological regeneration A more stnkmg example, perhaps, 
than the skm is to be seen m the antlers of deer — two masses of bone 
weighing several pounds which are shed and renewed each year 

Two or three general prmaples emerge firom these facts The first 
— to recapitulate — ^is that regeneration is a primitive property of hfe 
Most low organisms never stop growmg, and the capaaty for regener- 
ation IS clearly associated with the capaaty for growth, smce grotvth 
IS necessary for many of the processes of regeneration Other changes 
that are at work m regeneration, however, have the character of 
rearrangements, for instance, m the formation of a whole newt out 
of one of the first two blastomercs of the newt’s egg, the only process 
IS one of regulation — of rearrangement of matenal which ought to 
have produced a half, so that it actually produces a whole of half size 
In the regeneration of a small piece of Plananan to form a whole 
worm, a certam amount of new growth takes place at the cut ends of 
the piece, but many of the changes mvolved are brought about by 
changes m the onginal piece For this to happen, however, a certam 
degree of plasQaty is needful — cells and tissues must be capable of 
altermg their onginal character and adaptmg themselves to new con- 
ditions This also is largely a property of actively growmg organs, 
further, it appears to be impossible if tissue differentiation has reached 
too high a pitch 

Thus the gradual limiting of regenerative capaaty which we find 
as a general rule both m the development of the mdmdual and m the 
progress of hfe as a whole, is due partly to mcreased differentiation, 
partly to the fact that the higher animals, instead of growmg m- 
dcfimtely, show a sharply marked stoppage of growth on reachmg 
the adult state 

Regeneration is thus essentially the restormg of typical form, struc- 
ture, and function, we rmght call it a speaal case of regulation 

The fact that a piece of Plananan without a mouth can yet regener- 
ate head and tail is obviously interestmg The piece’s capital can be 
readdy transformed mto cash for the undertakmg of new enterprises 
— m other words, the hvmg firamework of its body can be broken 
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down into food materials which can then be used up in new grovnh 
elsewhere In the higher animals, the hvmg capital is locked up m non- 
negotiable forms to a much greater extent, although not so com- 
pletely as IS often imagmed 

This power of drawmg upon the hvmg tissues m case of need leads 
on to another remarkable power of Plananan and other low types If 
an mtact animal of this sort is starved, it can contmue to exist for 
penods of weeks and months by thus hqmdadng its capital for its day- 
by-day expenses Smce it draws on its own tissues for its daily energy 
needs, it therefore must grow smaller andsmaUer Plananans can con- 
tmue this economical process until they have dimimshed their size to 
below that at which they hatched from the egg. If they ate given food 
agam (at any stage in the proceedmgs) they will start growmg once 
more, and recover their normal size and appearance (Fig 39) 

One very curious fact was early noted about Plananans thus reduced 
m size by starvation— namely, that their proportions gradually altered 
from those of the adult and became more like those of norm^ young 
worms This led to the idea that perhaps they not only looked young, 
but had really become young agam— an idea which was easily put to 
experimental proof 

Some speaes of Plananans reproduce mainly asexually by trans- 
verse division, after the worm has reached a certam length a new head 
IS formed a htde behmd the centre of the body, and m front of this a 
spht appears along which separation eventually takes place A brood 
of worms from -one such speaes was taken. When they had nearly 
reached full size, they were divided mto two lots One lot, fed regu- 
larly, contmued to grow and divide m normal fashion. The other lot 
was starved until the average size of its members was reduced to about 
half; then it was fed until it had recovered its onginal size; then starved 
agam— and so on repeatedly. The expenment was continued for a 
penod of tune m which the well-fed animals went through mneteen 
generations (a penod which, though only occupying a few months 
for Plananans, would m human beings mean about six centunes— 
from Chaucer’s time till today) Dunng the whole of this period, 
none of the other lot reproduced at all, but all remained withm the 
hmits of size set for them by the experimenter, and, what is more, 
showed no signs whatever of age or of diminished vigour In fact 

M S T — ^I* 
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there is every reason to suppose that the expenment could have been 
continued indefinitely — other words, that the individual Piananan, 
by proper treatment, can be made immortal 

The clmr of life was sought by the alchemists of medieval Europe 
for hundreds of years These expenments show that it has at last been 
discovered, but, unfortunately, it is only effective with Plananaus and 
some other animals, all of a low grade of organization. 

Before we go further mto the pnnaples mvolved m this matter, we 
must mention that there is another way in which animals may sur- 
mount starvation and other unfavourable conditions 



Fig 39 Dedifiercntjatioa and reduction, 1 and 2, the 
Asadian (sea sqmrt), Clavellina, 1, normal, 2, the same 
individual dedifierentiated after exposure to adverse 
conditions, 3 and 4, the Flatworm, Planana, 3, normal 
adult, 4, the same individual after several months 
■without food. 


If an ordinary hydroid polyp like Obeha be kept m tbe laboratory, 
the hydranths, or separate organized mdinduals of the colony will, 
(unless the water isVwell aerated arofiaally) show a cunous senes of 
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changes Their mouths will dose and their tentades become stumpier, 
eventually they will lose almost all signs of their previous differenti- 
ated structure and become converted mto a roimded or egg-shaped 
bag with a few htde knobs markmg where the tentacles had once 
been They have lost differentiation — m other words, have undergone 
dedifferentiation 

In Obeha the process is comphcated by the fact that while dediffer- 
entiation IS gomg on, the cells of which the by dranth is made up detach 
themsdves from theur neighbours and, leavmg their fixed place m the 
tissues, migrate mto the central cavity and down mto the common 
stalk which connects all the hydranths By this means the hydranth 
dwmdles rapidly, and is reduced soon after dechfferentiation is com- 
plete, to a tmy knob m the bottom of its protective homy cup The 
animal has been resorbed by the stem It is as if a house were to be 
unbuilt, by the backs leavmg their places m the walls and migrating 
mto the garden 

If, however, the hydranth is cut off at its base beforehand, the central 
cavity is soon filled up with detached cells, and after this, dedifferentia- 
tion alone occurs imtil the animal is reduced to a mere hving bag tight 
packed with cells These types of dedifierentiation are found m many 
low types of animals, such as vanous Coelenterates and Asadians 
(Fig 39) 

Among higher forms partial dedifferentiation may be a normal 
mode of development For example, when the tadpole metamor- 
phoses mto the ftog, some of its tissues start to dedifferentiate, for 
instance, those of the gdls and tail The process is comphcated by the 
fact that phagocytosis, or the devouring of undesirable matenals by 
white blood cells, here reaches a ftr greater pitch of perfection than m 
lower ammals, and, as a result, as soon as the cells have reached a cer- 
tam degree of dedifferentiation, they are attacked and removed by 
the white blood cells The disappearance of the tadpole’s tad is thus 
due more to the activity of the phagocytes than to the migration of 
the tad cells themselves Sumlar methods of resorption of tissues are 
found when, for mstance, a tumour or a graft disappears m a human 
being 

To return to regeneration, and to another of its aspects, it is found 
that the presence of one part is often necessary for the regeneration of 
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Fig 40 Regeneration and differentiation m Planam 1, a normal adult worm 
in outbne, showing eyes and pharynx, a and 6, levels where pieces were cut 
out 2, either a or b pieces may regenerate a new head, m this case complete 
differentiation to a normal worm occurs The original pieces produce new 
head and tail by new outgrowths, new pharynx and altered shape by remodel- 
ling 3, in adverse conditions, only a rudimentary head is produced 4 and 5, 
m very adverse conditions, no head is formed, the front end merely forms a 
^r In these arcumstances, a-piccc$ form a new pharynx (4), but b-picccs 

do not (5) 
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another part In Plananans, for instance, the rtiouth opens at the end 
of a sort of trunk, the muscular pharynx, which can be protruded 
from the centre of the underside If a small piece of the flatworm is 
cut out by two transverse cuts, it depends on a number of arcum- 
stances whether a head shall be formed or not; for instance, a low 
temperature near freezing, or exposure to dilute alcohol or other 
poisons (the experiment is easy to carry out) wdl reduce the frequency 
of head formation, or even suppress it altogether (Fig 40) 

If a head is produced, such a piece wdl always proceed to the 
formation of a pharynx But if no head appears, the formation of a 
pharynx depends on the ongmal position of the piece m the body 
If It was cut from m front of the ongmal pharynx, it wdl often 
regenerate a pharynx, even in the absence of a head, but if it came 
from behmd the ongmal pharynx, a new pharynx wdl never be 
formed unless a head forms first In other words, a new pharynx wdl 
be regenerated m the centre of a piece of Plananan provided that there 
exists at the front end of the piece a region which is normally antenor 
to a pharynx — ^whether this antenor region bean old part of the body 
or a new regenerated head 

Thus, the head or front region of the body exerts some remarkable 
influence upon a distant region of the rest of the piece, makmg it con- 
struct an organ that it could not otherwise produce It makes dungs 
make themselves Exacdy how this effect is produced we do not 
know Possibly it is through the agency of the nervous system In 
any event, it is clearly a property of very great importance, and also 
one which seems to be of qmte general occurrence For instance, when 
the eye-stalk of a prawn is cut off, a new one like the old is usually 
regenerated But when, m addition to the eye-stalk bemg amputated, 
the optic ganghon, or part of the bram to which run the nerves from 
the eye, is also cut out, the organ which is regenerated bears no resem- 
blance to an eye and eye-stalk, but has precisely the form of part or 
all of the first antenna or feeler, the appendage which normally comes 
next behmd the eye 

One other fact gamed from die study of regeneration needs to be 
considered before the problems of normal development If one of a 
pair of organs be removed, remarkable results often follow For 
instance, m certam diseases, one kidney may have to be cut out When 
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this IS done, the other begins to grow, and at the end of a few months 
weighs almost as much as the ongmal pair together This enlarge- 
ment follows as a direct result of the mcreased demands made upon 
the functions of the survivmg kidney, and is therefore known as com- 
pensatory functional overgrowth There is no regeneration of the 
missing organ, but a compensatory growth of its mate, resulting, one 
may say, m a regeneration of function 
This functional overgrowth may be found not only to compensate 
for the loss of one member of a pair of organs, but also when part of a 
single organ is removed, or when an extra demand is made upon an 
organ without removal of anything 

If, for instance, most of the hver or pancreas or reproductive organs 
are removed, the bits that are left wiU start to grow rapidly, until they 
are large enough to cope with the demands of the body 

Or, as illustrative of the second case, the normal thyroid secretion 
is very nch m lodme When the amount of lodme m the food and 
drink falls below a certam quantity, the demands of the body for 
more lodme-containing secretion react on the thyroid, this begins to 
grow, produemg more total amount of secretion as an attempt at 
compensation for its poverty m lodme It may grow to a relatively 
huge size, produemg a great swelling, called a goitre, m the neck If 
a httle lodme is given to a patient with such a goitre, the reverse 
process sets m, and the swcllmg is reduced* (see also p 237) 

A similar process takes place m muscles when extra demands are 
made upon them Everybody Inows how heavy exercise “develops 
the muscles,” and, after a preliminary penod of loss of weight due to 
utihzation of the reserves of fat, make a man put on flesh The actual 
size of the muscles mcreases as the result of exerase 
With this information we can now attempt some account of the 
normal development It is found that the early development of a 
vertebrate such as a firog or newt falls, from our present standpomt, 
mto dirce mam penods The first is essentially a penod of the division 
and rearrangement of already existing materials, and takes the ferti- 
lized egg through segmentation and some way mto germ-layer form- 
ation The second is mainly one of diScrentiation — ^visible structure 

•"nus U not the only f ) -rtc o( goitre , e g , exophthalmic goitre or Gni\‘cs disease seems to arise 
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appears, the organs are blocked out, and tissues become difierent each 
from the other. Finally, m the third, the two most important features 
are growth, and the welding of the differentiated parts mto a workmg 
whole — ^by mutual influence of organs upon each other and by an 
adaptation of separate organs to the demands upon them through the 
effects offrmction upon growtL 

This last phase may be taken first, smce it is m many ways the most 
frmihar Think of a young organism — a recendy hatched tadpole, a 
puppy, a child Although it has already a characteristic organization, 
yet this organization is still plastic withm wide hunts The final shape 
and size of its bones, its muscles, its smews and tendons, its glands, its 
digestive tube, even of parts of its central nervous system, depend very 
largely upon the amount and the kmd of use to which they are put 
during development 

If one of a puppy’s fore-hmbs is tied up soon after birth so that it is 
never used, the dog will manage to get about very well with only 
three legs But the leg which has not been used will be very different 
from the others. The bones of its skeleton wdl grow almost to the 
normal length, but will never attam more than about half their normal 
thickness, nor will the arrangement of bony struts and stays at either 
end of the shaft (which m an ordinary bone are developed so as to 
meet both vertical and sideways stram m the mechamcally most per- 
fect way) be properly formed. The muscles of the leg, too, and their 
tendons wdl be very small Not only this, but the nerve-ceUs of that 
region of the bram which controls the movements of the hmb wdl be 
undersized. 

The power of bone to respond to the str ains to which it is exposed, 
IS of practical value If, for instance, one of the small bones or phalanges 
of a finger is crushed and has to be removed, a small piece of bone 
from some other region can (if it mclude some of the penost layer 
from which new bone cells are produced) be grafted m to take its 
place After a year or two the irregular sphnter wdl have come to bear 
a marked, though not complete, resemblance to the bone for which 
It IS domg duty (Plate 15, (u) ) 

One of the most strdang adaptations m the body is the fact that 
every tendon which attaches a muscle to a bone not only is of the 
proper size for the stram which the muscle can exert upon it, but is 
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composed of parallel fibres wbicb run precisely m the region of 
greatest stress How can tbis beautiful relation of mechanism to func- 
tion be supposed to have ongmated by natural causes^ Does not the 
purposeful adaptation, different m detail for each separate tendon, 
demand the mtcrvention of some supernatural power? 

Research, however, has m great measure removed such difficulties, 
for It has shown that all the separate detailed adaptations are the direct 
consequence of one inherent property of the tissue of which tendons 
are made 

If a piece is cut out from a long tendon, such as the Achilles tendon 
which passes from the muscle of the calf over the heel to be fastened 
to the sole of the foot, it will after a time regenerate Connective 
tissue grows out mto the wound, the cells elongate and form fibres 
m the direction of the tendon, make attachment to the cut ends, and 
reproduce a structure essentially like that which was onginally present 
But if by one means or another the calf muscle is put out of action (as 
when Its nerve has been severed) then, although the gap will be filled 
by a new growth of connective tissue, the fibres will not become 
arranged m any particular direction, and no tendon-hke structure will 
be formed. 

Further, when m such an animal (the mam experiments were ear- 
ned out m rabbits) a piece of clean silk was healed across the middle of 
the wound, at nght angles to the onginal tendon, and then, by wmd- 
mg it up very slowly on a screw, mcreasmg tension was put on one 
end of It, It was found that fibres were formed m the new connective 
tissue, but parallel to the silk, and therefore useless for any restoration 
of normal function 

From these facts (supported by many others) it is clear that tendon 
fibres are formed firom connective tissue when the connective tissue 
IS frequently stretched, and further, that they are formed parallel to 
the stretchmg force This stretchmg force is usually the force of muscu- 
lar contracuon (m growmg animals there will also be found stretchmg 
due to growdi ofbones) , so that tendons will be formed ftom ordmary 
connecQvc tissue when muscles begm to contract,* and will be 
“adapted” to the direction and amount of stretchmg exerted by the 
muscle In any case, all the apparent design seen m the adaptation of 

• It is possible that they may originate in other wayi as welL 
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each several tendon to the demands made upon it, is apparendy a 
direct result of this one reaction of connective tissue to tensiom 

To sum up, we may say that certainly most of the tissues of the 
body — ^possibly all — respond either throughout hfe or at least durmg 
growth (while their cells are stdl capable of multiphcation) to the 
demands made upon them, and respond on the whole very advan- 
tageously from the pomt of view of the whole animal The skeleton, 
the muscles, tendons, many and probably all glands, the central 
nervous system — aU these we have already seen to show functional 
adaptation So does the skm Everybody knows that (after the blister 
stage has been negotiated) contmual rubbing wiU make the skm 
thicken “Homy-handed” is so hackneyed an epithet for manual 
labourers as to have almost become mere journalese, and every oars- 
man demonstrates the fact m his own person So, too, the circulatory 
system responds to functional demands If Everest is ever climbed, it 
will probably be because men can become “acclimatized” to high 
altitudes and consequent low ox)'’gen supply, largely, it would seem, 
through an extra production of red blood corpuscles by the bone 
marrow and m consequence a greater capacity of the blood for 
captunng and transportmg what oxygen there is. 

Furthermore, the size of a blood-vessel, both diameter of cavity and 
thickness of wall, is determmed very largely — perhaps wholly — by 
the amount of blood which is pumped through it, and the pressure 
at which It is pumped. Cases are known m which large artenes become 
blocked up If the blocking-up process is not too rapid, one or more 
small branches of the vessel will gradually enlarge, and produce chan- 
nels capable of transportmg the requisite amount of blood without 
difi&culty. This has been known to happen even when it is the human 
aorta, the mam and mdeed the only large artery sprmgmg from the 
artenal side of the heart, which has been blocked 
The same kmd of adaptation is also true of the protective reactions 
^of immumty It is a familiar enough fact that children who have had 
measles once do not generally catch it agam, but this is only one 
among innumerable instances, such as the over-production of diph- 
thena anutoxm by horses injected with small doses of the toxm or 
poison produced by diphthena germs, which has reduced the disease 
from a cruel scourge to a senous unpleasanmess, or the benefits given 
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by vaccination All these again depend on one single property of 
higher animals, when unaccustomed proteins enter their system, they 
can (if the foreign substances are not m too great amount, and provided 
certam other conditions are fulfilled) not only destroy, or inactivate 
them, but m the process generate an excess of the destroying sub- 
stance or antibody, which remains for a longer or shorter tune so that 
a second mvasion can be more rapidly and effectively crushed (see also 
p 241) 

Although many of these adaptations are possible throughout hfe, 
others can only occur during development, and most of them are 
essential for normal development, smcc only through them do the 
size and structure of the various organs come to correspond to their 
function and to the physical and chenucal stresses imposed on them 

There is, however, another type of mechanism which is active 
through the later penods of development and plays an important role 
not only m this functional adaptation but also m fiismg the parts of the 
organism mto a more unified whole, and that is the endoenne system 
or sum total of the duedess glands {see also pp 236-9) 

Many of them, such as the thyroid and the pituitary, have mdis- 
pcnsable functions as regards proper growth The thyroid regulates 
the rate of metabolism, mcreased amount of thyroid secretion produc- 
mg an mcrcase of oxidation m the body As might be expected, this 
function seems to be of more importance to the well-bemg of animals 
such as mammals, with a normal high metabolism (great heat pro- 
duction and constant high temperature), than to those hke fish or 
frogs, which do not have to be constantly generating large quantities 
of heat to keep then temperature above that of their surroundmgs 
Withm the mammals, the absence or failure of the thyroid makes 
more difference to an adult man than to an adult sheep the thyroidless 
sheep IS but shghdy abnormal, while the thyroidless man becomes 
notably fat, sluggish, and slow-mmded But its absence m the child, 
in whom growth and activity should be much greater, makes far 
more difference agam than m the grown-up man, the thyroidless 
human child or aitm usually dies early, can only grow mto a stunted 
dwarf, and never develops normal mtelhgence, the bram of man 
apparendy requinng a high level of metabohsm for its unfoldmg In 
Ampbbia, metamorphosis from larva (tadpole) to adult is under the 
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control of the thyroid Tadpoles with their thyroid cut out refuse to 
be transformed mto frogs, and grow to giant size m the water (Plate 
13 (i) ), while if a dose of thyroid is given to quite young tadpoles, 
they metamorphose into froglets no larger than flies 
The changes which take place m body and mind at puberty are also 
under the control of the endocnne system. The immediate control is 
exerted by the gonad itself. It is important to frnd that a whole set of 
separate changes can be brought about by a single change m the duct- 
less glands, and further, that all these changes are m the long run 
related to one function, that of reproduction 




Fig 41 Outlines of two related speaes of fish {Argyropekais olfersi and 
Stenwptyx drapUana) The one can be derived firom the other by a simple 
distortion of the relative directions and mtensities of growth m length and 
growth m a dorso-vcntral direction. 

That a smgle origmal alteration m the chemical composition of the 
blood, an alteration appealing mevitably at the end of a defimte span 
of growth, should brmg about an mcreased growth-rate, the forma- 
tion of mature spermatozoa m the testes, the appearance of hair on the 
face and body, and a marked change m mental oudook and tempera- 
ment, is one of the most stnkmg facts m biology. 

All the ductless glands have this m common, that their secretions 
are earned aU over the body by the blood, so that they can exercise a 
number of different effects simultaneously upon the most diverse 
organs 

It is fairly obvious, however, that for aU the importance of function 
and of the endocnne system in development, their task is essentially 
one ofregulatmg the degree of activity of processes already m bemg, 
or of directing them along particular channels Bones exist m the 
absence of a pituitary or of pressure upon them, and muscles without 
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being used It is only a small part of the adult man’s growth of hair 
that IS dependent upon the testis, mctabohsm contmucs m the absence 
of a thyroid, and the first development of a gland or blood-vessel 
takes place before its use begins 

Another pomt that should not be forgotten is that m the long run 
the differences m shape and siae between difierent animals depend 
almost entirely upon differences m the amount and direction of 
growth m different regions dunng development In very early life 
the hmd-hmbs of a whale grow much less fast, compared with the 
body, than do those of a man, and those of a man much less fast than 
those of a kangaroo Some idea of the changes which would be pro- 
duced m human bemgs if the proportions between general growth m 
length and growth m breadth were rather different fi'om what they 
actually are, can be obtamed by visitmg the distortmg mirrors at a fair 
or circus Or one organ may be affected differendy fi-om the rest, the 
effea of tbs on general proportions may be seen by lookmg at oneself 
m the broadenmg mirror, first with the arms held against the sides, 
and then outspread at nght angles to the body 
If m the embryo of the fish Argyropelecus the tendency to growth 
m length had been a httle less, and the mam direction of dorso-ventral 
growth were not qmte at nght angles to the mam direction of growth 
m length, it would have developed mto a passable imitation of another 
bnd of fish (Fig 41) No doubt such shght alterations m growth are 
at the bottom of much evolutionary change 
How do these more fundamental structures and fimctions ongmate 
to provide the pnmal basis to be shaped by the secondary moulding 
forces we have described ^ Although much is still not clear, yet the 
mam outlmes of the answer emerge when we look at the next 
previous stage of development, the stage of difierentiation 
Tbs starts dunng gastrulation (Plate 5), and ends as the vanous 
organs become capable of fimctiomng Its great characteristic is the 
sudden appearance, m the btherto comparatively simple germ, of 
a number of chemically different regions, each one of wbch is 
dcstmed to generate one particular kmd of organ. What is more, 
tbs v.t11 usually be accompbhed whether the developmg organ 
rudiment is m its proper relation to the rest of the organism or not 
If the late gastrula is cut m two so as to separate front from bnd 
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region, each part (after healing the wound) vnll proceed to develop 
just those organs which it would have done if the embryo had been 
left mtact. We are presented with an antenor half-embryo without 
any of the hmder organs, and a posterior half-embryo with tail, hmd 
hmb buds, and most of the trunk, but no head regions, gdls or heart 
There is, m fact, m this stage no regeneration whatever of missmg 



Fig 42 To show the effect of the dorsal-hp region of the amphibian embr^'O 
m inducing development 1 An embryo which during its gastrulation has 
had grafted mto its flank a dorsal-hp region from another embryo It has 
developed its own head (antenor), tail and nerve-tube with somites (nght), 
etc In addition, a secondary set of main organs has been mduced m it by the 
graft. Of these, tail, nerve-tube and somites are visible, ear-vesicles were also 
formed, but not the firont of the head 2 Microscopical section through this 
embryo pr. med, nerve-tube of the host, with notochord below it sec, med, 
nerve-tube mduced by the graft i_SEC lab, left mduced car vesicle 

parts, yet, m spite of this, both halves appear qmte healthy, and only 
begm to degenerate at a stage when the organs should be beginning 
to work and the animal to fend for itself Or a piece of one embryo 
may be grafted on to another embr}'’ 0 , even of a different speaes, and 
both will continue to develop (Plate 13 (u) ). One actual “chimera” 
has been artifiaaUy produced consisting of liie front half of one kmd 
of frog and the posterior half of another, which grew and metamor- 
phosed qmte happily 

Or if a small part of the future bram region be cut outjust after the 
gastrula stage, and grafted magamm reversed position, it wdl produce 
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what It would have produced m an untouched embryo, although now 
of course the organs to which it gives rise will be misplaced. The eye, 
for instance, which is formed by an outgrowth &om the bram (Plate 
10), may by this means be made to develop behmd the ear, and yet 
have normal structure This will happen m spite of the fact that no 
visible trace of even the earhest eye rudiment was present when the 
operation was performed 

B efore gastrulation, on the other hand, no such irreversible changes, 
mevitably determining the future appearance of organs, have yet 
set m 

Cuttmg the developmg egg m half m the earhest stages has a totally 
different result from cuttmg it m half after gastrulation has set m In 
the former case, as we have seen, one or both halves may become 
reorganized mto a whole, and produce an embryo normal m every 
respect save size 

One very remarkable fact has recently been discovered, namely, 
that the sudden change that takes place m a few hours dunng gastrula- 
tion m an animal hke a frog or newt, dunng which the germ loses its 
capaaty for regulation and becomes a sort ofjig-saw of separate parts, 
each predetentuned to produce just one particular organ of the foture 
tadpole, occurs under the influence of one small region of the embryo 
This IS the regionjust above the dorsal hp of the blitopore By mgem- 
ous microscopic operations, even tmy bits of a newt’s egg can be 
removed and grafted mto other places on the same or other embryos 
If this dorsal-hp region be taken and grafted mto the flank region of 
another developmg egg, it is found to cause the development of an 
extra set of organs, m addition to the one produced m relation to the 
host egg’s own dorsal hp Extra nerve-tube, notochord, muscle 
segments, kidney tubes, and gut may be thus mduced to form — m 
other words, the begmiungs of a whole second embryo What is 
more, they are not formed by the grafted piece itself, but m the host 
tissues near it. Agam, we arc rermnded of Mother Carey m Kmgslcy’s 
Water Babies, who ‘ made thmgs make themselves ” No other region 
has this power, and so the title of ''organizer” has been bestowed 
upon the dorsal-hp zone (Fig 42) 

It IS mtercstmg to recall that a similar sort of power was exerted by 
the head of a Plananan m mducmg the formation of a mouth and 
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Fig 43 Frcc-swimrmng larvse of the top-minnow (Ftwdiilus hcterochUis) 
(a) Nonnal larva, with antcnody pbccd mouth, tn (b) Incompletely 
Cyclopean larva, with the two eyes jomed and occupymg the position usually 
taken by the mouth (c) Completely cydopean larva, with single antero- 
median eye, dorsal aspect (d) Lateral aspect of same, showmg the ventral 
mouth, m (e) Ventral aspect of same, ys, yolk sac (From Stockard ) 
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phaxynx (p 255) Anotlicr fact is that the dorsal-hp region at this 
penod IS the most actively working part of the embryo, with very 
rapid cell division It seems probable that this great acnvity has some- 
thing to do with its organizing capaaty 

Other mteresung results, also apparently concerned with differ- 
ences of activity m different parts of the developing egg, have been 
obtained with stdl earher stages For mstance, if fishes’ eggs or frogs’ 
eggs arc put for a few hours during early segmentation m solutions of 
magnesium or hthium chlondc (or of many other substances in 
damagmg concentrattom) very cunous results may be obtained The 
front end of the animal, between the eyes, does not develop properly, 
or sometimes is not formed at all As a result tlie eyes are close 
together, or jomed up to form one eye, as was fabled of the Cyclops, 
or arc even absent altogctlicr The rest of the ammal develops almost 
normally (Fig 43) 

Conversely, if eggs are put durmg the same penod m the nght 
concentration of stimulatmg substances, such as atropin, caffem, etc , 
mote or less the converse result is found The whole embryo develops 
more rapidly than normal, but the excess rapidity is greatest at the 
front end, and embryos arc produced with abnormally large heads 
and eyes (Fig 44) 

Somethmg of the same sort may also be effected by keeping frogs’ 
eggs between plates at different temperatures When the yolk-cells, 
which are gomg to give nsc to the belly region, are heated, and the 
ammal pole-cells, which give rise to the head, are cooled, the tadpole 
which hatches out has a shghtly small head and large abdomen, while 
preascly the opposite cfiect is produced if the temperature-gradient 
through the egg is reversed. 

All these results appear to depend upon the fact that the ammal pole- 
cells arc more active physiologically than the yoIk-cells, which arc 
hampered by their stores of mert yolk, and the activity grades down 
from one pole of the egg to the other The more active cells are both 
more susccpnblc to harmful agenaes — hence their failure to work 
properly m MgCU solutions, etc , but they can respond better and 
quicker to favourable agenaes than the less active yolk-ceUs It looks 
as if we shall have to attack these very early stages if we want to obtain 
any marked degree of control over the processes of development. 
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Fig 44 Acceleration of development m the embryo of a fish {Macropodtts) by 
means of exposure to atropin sulphate for one and three-quarter hours during 
early segmentanon (a) Control, developmg m normal conditions (b) Treated 
spoamem Note tlie much greater size of the head Its heart-beat was also more 
rapid (After Gowanloch ) 
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Our knowledge of these first two penods can be summed up thus 
Although the period up tdl early gastrulation is of course an essential 
hnk m the developmental cham, no important steps m the construc- 
tion of the details of the animal’s typical organization are bemg taken 
so long as it lasts The ongmal comparatively simple organization of 
the zygote is not much altered, and the most essential change is the 
cuttmg up of the huge and unwieldy smgle cell, the fertdized ovum, 
mto hundreds of small cells In the first place, these are far more 
mechanically convcmcnt, just as a hundredweight of bncks is suitable 
buildmg matenah while a single giant bnck weighmg a hundred- 
weight would be useless And then each is a relatively mdependent 
umt, with Its own cell membrane as firontier, so that it is much easier 
to localize a number of separate chemical processes m different parts 
of an embryo divided up mto ccUs than it would be to localize diem 
if the embryo were all one large cell, m the same sort of way that the 
possession of a number of small pots and pans makes easier the task of 
preparing an elaborate dinner 

To choose another parallel from human affairs for the second and 
third phases of development, we imght say that the second corres- 
ponds to the discovery and mvcntion of new processes, new machmes, 
new products, while the third corresponds to the growth of the 
mdustnes based on these discovenes, a growth which is regulated by 
the laws of supply and demand, by the customs and laws of the 
country, and by the state of world affairs, but can only take place 
once the new mventions have been made 

In conclusion, it is worth menuonmg that every ccU of the body 
appears to receive the same complement of chromosomes, the ongmal 
set possessed by the fertilized egg bemg exaedy dupheated at each cell 
division, so that each cell has a “copy” of it This at first sight seems 
to make differentiation hard to imderstand, but perhaps a musical 
analogy will make it clearer The performance of a piece of pianoforte 
music demands a pianoforte But we might have a hundred identical 
pianos m a row, fiom each of which would be emanatmg a wholly 
different piece of music that would depend upon the players 

For the pieces ofmusic subsntutc the different organs of the embryo , 
then the pianos are the chromosome sets and the players are repre- 
sented by the different conditions m different regions For instance. 
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at the close of segmentation some cells are small and poor in yolk, 
those at the opposite end are large and yolky, some are at the surface, 
others tucked away m the mtenor, and the differences between differ- 
ent parts are mcreased after gastrulation 

In animals progressive development generally comes to a dose 
with the attainment of the adult condition In man, however, this 
need not be so m respect of one character. Mental devdopment may 
continue, m other words, the contents of the min d may mcrease and 
Its organization become more complex and more perfect, so long as 
matunty continues and semhty has not set m. 

Of course this is by no means always very marked, and equally of 
course somethmg of the same kmd is seen m the higher vertebrates 
which can profit by expenence But the extent of the possible develop- 
ment open to man is none the less very stnkmg One of the chief 
biological differences between man and all other organisms is that, 
through his power of thinking and leammg, his devdopment and 
differentiation can continue through the whole of life 
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THE METHODS OF EVOLUTION 


I N THE LAST few chapters we have begun to learn something of 
the extraordinary complexity of our bodies What appear as the 
simplest of actions are often dependent upon a dehcacy of mechanism 
not to be found m our man-made machines, while many human 
faculties could never exist without the foundation of a whole senes 


of carefully adjusted hvmg processes Human thought is only possible 
within narrow hmits of temperature Our brains will only work even 
approximately well withm a range of about 3“ or 4° centigrade, and 
to keep the blood at constant temperature requires the elaborate 
machmery, which we have aheady discussed, of sweat glands, dilatmg 
and contractmg blood-vessels, and their nerve supply Or agam, 
merely to pick up a pencil from the floor or a cncket ball from the 
grass requires first of all an exact judgment of distance, which means 
a connexion and co-ordmation between the bram processes involved 
m sight and the judgmg of seen objects, and those mvolved m the 
sense of muscular movement and judgments of muscular movement, 
and secondly, the co-opcration of a large number of separate muscles 
m body, arm and fingen, each of which has to be made to contract 
or relaxjust so much, no more and no less, by nerve impulses ofjust 
the nght number and frequency 

How IS It possible that this complexity can have come mto bemg? 

At the outset we must remember that it does come mto bemg m 
every one of us dunng the first few years of our life Each one of us 
started as a formless germ with hardly any differentiation— no separ- 


ate organs or tissues, no sense organs, no bram, no capaaty for regu- 
latmg Its temperature, for movmg from place to place, for thought 
Somechmg (and a great deal too) had to be formed out of next to 
notlung before wc were ready to be bom Even after birth we had 
to leam to do a great many thmgs that we take for granted, such as 
judgmg the sliape of thmgs from sight or even from touch,* learmng 

’^'1! ’“T™ the index and middle fingen and finding that a 

ol bread, or the tip ol the nose when between their tressed tips, is lelt double 
schdity fiom touch depends largely upon the pro^ association of 
^uUoas from diOmt regions-such ns finger Ups In malong judgments that a baU is sphencaL 
wc are doing ^mnething still more elaborate The shape of the siinal^e, and luTh^Ze. W 
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to control our muscles accurately Have you ever watched a baby 
malring bad shots for its mouth, or at some bngbt object m front of 
It, leammg to walk, to speak? A new-born baby is even more helpless 
in many ways than it seems Its bram cells and fibres are not fully 
developed, and it is not for some weeks that it is even capable of 
beg inning to leam many types of lessons The power of the centres m 
the cerebral cortex to combme the raw matenals provided by the 
sense m proper relation is well seen m the foUowmg experiment. A 
man was provided with mvertmg lenses, so that he saw everythmg 
upside down By wearing them all day for a week or so, however, he 
gradually came to make the nght assoaations quite unconsciously 
between the mverted vision and his bodily movements It is m a 
similar way that the baby must leam to assoaate its visual and tactile 
and muscular sense impressions, for they are all equally arbitrary, and 
only by assoaation can the relation between them be worked out by 
the bram 

There has thus been real evolution m the individual development 
of every human bemg and higher animal or plant — an evolution that 
IS accessible to everybody’s observation 

The other evolution, that of one speaes out of another, one whole 
type of animal hfe from a lower type, cannot generally be observed 
m this direct way. If the evolution of the mdividual is as easy to watch 
as the movements of the second hand of a watch, that of the race is as 
impossible of direct detection as the movement of the hour hand 

Vanous facts, however, as we have already pomted out, make it 
impossible to get on without assuming that raaal evolution has 
occurred, and fiirther, when we examme fossils at huge mtervals of 
tune, we find that change has taken place In just the same way the 
undetectable movements of the hour hand are made visible if we note 
Its position only at half-hourly mtervals, and the far slower geo- 
graphical movements, such as the erosion of the Norfolk chfis, or the 
building out ofDungeness mto the sea, can also be detected if measure- 
ments are taken only at mtervals of a few years. Occasionally, how- 
ever, we can trace the actual evolution of one speaes out of another 
m the fossds which they have left behmd m the rocks 


to bo associated with memories of the feel of similar objects previously seen. A man who had been 
blind from bir^ would have, like a baby, to team to see things soUd. 
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Howevct, even if we can be sure that evolution has occurred, that 
our own bodies and minds are denved by slow descent &om those of 
ape-hke creatures, those from lower mammals, those agam from 
reptiles, amphibians, some form of fish, and so back oil at the remote 
start we had traced our pedigree back to a smgle-celled creature — 
however certam we can be of the facts, our certamty gives us no 
answer to the quesOon of how the frets came to be so — the machmery 
by which evoluoon works 

There have been several mam thcones as to the method of evolu- 
OotL The first is called the Lamarckian, after its author, the French 



Fic 45 To show intcrgrading variation m seventeen existing forms of 

the freshwater snail Paludma, from vanous locahucs The extremes 
would be regarded as distmtt speacs if they were not connected by a 
complete senes of intermediate forms Simflar gradual variation is 
often found during geological tune (Lull, Organic Evohtwtt, 1922.) 
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naturalist Lamarck (1744-1829), the second the method of Natural 
Selection, first clearly set forth hy Charles Darwm (1809-1882). 

The first assumes that changes produced dunng the life of the mdi- 
vidual, v/hether by direct effect of the external environment, or by 
voluntary or mvoluntary use and disuse of its organs, are inhented, 
and that these inhented changes accumulate m the course of genera- 
tions so as to become fixed. Characters acquired in this •way dunng 
hfe are usually called acquired characters, or sometimes simply modifica- 
tions If, for instance, a tame sea-gull is fed on com instead offish, the 
•whole hning of its stomach alters, becoming thicker and more hke that 
ofseed-eatmg birds Or, agam, the proper sort ofexercise actually causes 
muscles to become larger In hard training, although at first a man’s 
weight wiU go do^wn, because the fat gets used up as fuel, yet after- 
wards his weight vnU go up again, this time o^wmg to the building of 
new muscle tissue. 

The Lamarckian theory would have it that the effects of changes 
hke these are perpetuated m the o&pnng, thus the direct action of 
external conditions, or, as we usually say, of the animal’s emoron- 
ment, would be one chief cause of evolution, and the habits and ■wdl 
of the ammal the other chief cause 

However, there is htde or no e’vudence for the theory, and a great 
deal against it. We •wdl take a particularly stnkmg example fiom 
botany Many plants grow both high up among mountains and down 
m the plains and valleys Those which grow higher up must exist m 
lower temperature, longer winter, more "violent weather, poorer sod 
As a result, they grow mto a shape qmtc unlike that of the lowland 
vanety. The dandehon, for mstance, when gro-wmg m the Alps 
(Fig 46) IS a dense rosette of small leaves, a long root, and a short 
flower stalk, m the lowlands, as we all know, its stalk may be long, 
Its leaves large and spreadmg, its root (though too long for the 
gardener) much shorter 

If dandehons from the Alps are taken do-wn and gro-wn m the 
plain, all their new growth is of lowland type, and m a short time they 
become mdistmguishable from lowland dandehons, whde exaedy 
the reverse is true of lowland plants transplanted to the Alps The 
s^e is true when seeds of the Alpme type are sown m the plams, and 
vice versa. The time spent in an Alpme en^vironment has not 



Fig 46 Modificatjons in the dandchon (Leoiilodon) produced by differences 
m the environment (p) Low land form from rich land (m) Result of growth 
in high alpine surroundmgs, on the same scale (m') The same, more highly 
' magnified. 
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in the shghtcst degree finally fixed the Alpine habit of growth. 

This can be readily understood if we suppose that the dandehon 
has a fixed constitution which, however, reacts differently to different 
external circumstances, it has, that is to say, a fixed capaaty of bemg 
modified m speaal ways This is obviously true for simple chemical 
substances One particular sort of paraffin, for instance, melts at, say 
61°, another at 62° centigrade Keep the former m one environment 
— ^below 61° — and it stays sohd, keep it above 62°, and it stays hqmd. 
But you will not make it raise its meltmg pomt however long you 
keep it melted. The two will continue to show then characteristic 
modifications m relation to heat — then ongmal meltmg pomts — as 
long as you hke to keep them. To take another example, this time 
firom the animal kingdom, attempts have been made to explam the 
black colour of the negro as the accumulated effect of generations of 
sunburn. It is of course true that most white men m a tropical chmate 
become sunburnt,* the strong sunhght has a dnect effect m causmg 
more pigment to form m the skm But anybody can verify for them- 
selves the fact that the children of men tanned m this way are not 
noticeably less white than those of parents who have never left 
England 

What does this imply? Surely, that European and negro have differ- 
ent constitutions as regards skm colour. The European stays pale m 
temperate countnes, darkens m the tropics But the negro is black 
wherever he hves We can go back to our previous comparison, we 
can think of two grades of paraffin, one meltmg at 65° centigrade, the 
other at 40° centigrade The first, if kept m the shade, will remam sohd 
throughout the summer m any region of the earth, but the other, 
though It would stay sohd m an English summer, would be hquid m 
the tropics (see also Fig. 47). 

This mterpretation would clearly leave no room for the Lamarckian 
theory, and, as time has gone on, more and more of the examples that 
the Lamarckians claimed as provmg their point have been shown to 
be exphcable m some such way as this 

The further difficulty remams that we are ignorant as to how 
the mhentance of acquired characters could be brought about. 

some very clear-skinned people, like certain Scandinavians, only get red and 

M S T — K 
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Every animal, as we have seen, consists of a number of organs con- 
cerned with the workmg of the mdividual, together with the repro- 
ductive cells whose primary function is the perpetuation of the race 
To the first, taken together, the term soma (the Greek for body) is 
apphed, while the second is called the germ-plasm The soma is of 
necessity mortal, while the germ-plasm is potentially immortal, and 



cnviromnent and m constitution upon differences in visible 
characters of organisms (a) Plants, all of similar hereditary 
constitution, grown under uniform conditions of ettviron- 
menc result, similanty (b) Plants of various hereditary 
constitution grown under similar conditions of environ- 
ment result, diversity, due to mutation or to recombination 
(c) Plants, all of sunilar hereditary constitution, grown 
under vanous conditions of environment result, diversity, 
due to modification 

is the contmuous cham on which the mdmduals of the race are strung 
(Fig 48) All acquired characters — that is to say, all characters whici 
the Lamarckian theory supposes to be accumulated m evolution — arc 
somatic, they affect the soma. But how is a change m the soma to alter 
the germ-plasm’ And even if it did, how is it to alter it in such a way 
that when the new soma of the offspring is produced, it shall show a 
change of the same sort’ As Weismann, the well-known German 
zoologist of the late nineteenth century, put it, we might equally well 
suppose that a message sent off by telegram m Pans would arave m 
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Pekin already automatically translated mto the Chmese language. 

Taking it sil m all, It seems probable that Lamarckian evolution, or 
the inhentance of any sort of acqmred character, has played at most a 
rrunor and insignificant part m the actual evolution of a nim als and 
plants. 

That this IS so IS lucky for humanity For, it is undoubted, and even 
obvious, that most human bemgs fall far short of reachmg the standard 
either of body or of mind to ■which their inherent constitution could 



Fig 48 Diagram to illustrate the relation between body (soma) and germ- 
plasm m successive generations Only the germ-plasm, represented by a 
succession of dividmg germ cells, is contmuous &om one generation to the 
next (black Imc with arrow) Smglc mdividuals are represented by ovals, 
contammg somatic cells (white circles), all of which die, and germ cells (black 
circles), some of which produce the next generation. The son is therefore not 
descended from his father’s body (soma), but both frther’s soma and son are 
descended from a common ancestor m the shape of the fertilized egg which 

grew mto the father 

develop if it ■was made the best of. Either through their o^wn fault, or 
through the fault of a bad en-vironment, m the shape of poverty, 
slums, monotonous hfe, unhealthy work, or unhappy family circum- 
stances, they are m some way or another under-developed If this 
under-development were inhentable, the majonty of the race would 
be undergomg a steady degeneration As it is, however, a good stock 
m a bad en-vironment contmues to produce potentially normal and 
healthy children, that only want good surroundmgs to unfold their 
possibdities , 

The second great theory of the method of evolution is that of 
Natural Selection. 

Darwin himself saw it forced upon him as the necessary conse- 
quence of the folio wmg facts of biology: — 

1 The fact of heredity All organisms tend to resemble their 
parents 

2 Thefactofvanation No two organisms are exacdy ahhe Thus 


Swallow 


Turb/t 


Fic 49 Nine vaneties of domestic pigeon, to show the remarkable vatiaUons 
of shape, proportions, colour, number of feathers m the tail, etc , which have 
been produced by selection from the single onginal stock of the wild Rock 
Dove (Columba Itvta) 
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the resemblance between parent and ofispring is not absolute Further, 
some vanations at least are inbentablc. 

3. All organisms produce more offspnng than can survive. If all, 
or even half the young, even of the slowcst-breedmg knownanimal, 
the elephant, were to come to matunty and themselves reproduce, the 
whole globe would m a limited tune become packed with elephants. * 
While what would happen if all the milhon or two eggs of every sea 
urchin came to matunty baffles unagmation’ Thus, among the mdi- 
viduals of every species, there is of necessity a struggle for existence — 
not neccssanly a consaous struggle, but none the less a real competi- 
tion m effect 

The conclusion to be drawn is this — that those mdividuals which 
possess vanations helpmg them m the struggle will on the whole sur- 
vive, while those which have varied m the opposite duection wiU on 
the whole be kiUcd off Those that survive wiU reproduce the race, 
and by the operation of heredity, their offlpnng wdl tend to resem- 
ble them — m other words, will tend to possess the same favourable 
vanations. This process Darwin called Natural Selection. 

Natural Selection may thus be compared to a siftmg of the mdi- 
viduals of a race, a siftmg which results m the race commg to consist 
only of such individuals as are best adapted to their environment. 

Darwm clmched his argument by pomtmg to the effects of artifiaal 
selection Look, he said in effect, at the different breed of dogs, of 
pigeons (Fig. 49), of horses, the different kmds of vegetables, com or 
frmt. A Shetland pony, a race-horse, and a cart-horse, exhibit much 
greater pomtsofdifference than do many natural speaes Ifazoologist 
who by some accident had never seen a dog were shown a greyhound, 
a pug, a mastiff, and a dachshund, he would probably classify them m 
different genera Yet they, as well as the types of horses and all the 
other breeds of domestic animals, have been produced by selection, 
the breeder keepmg such animals as came nearest his ideal, rejecting 
the others and not aUowmg them to reproduce If artificial sdection 
can produce such results m the short penod covered by history of 
man. Natural Selection, argued Darwin, m the vast penods of 

that each pair oi elephants normally produced about sis young dunng 
Its tecedlng period, from thirty to mnety years old. If this rate ol reproduction continued, then 
m 500 years a single pair would have fifteen million Uvmg descendants. The problem is, of course, 
one in sunple geometrical progression. 
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geological tunc could produce all the diversities seen in the animal 
and plant kmgdoms 

Another form of selection, which as Darwin saw, must operate 
among the higher forms of animals, is that which is called sexual 
selection. Just as natural selection is the immediate outcome of the 
struggle for existence, so sexual selection is the result of the struggle 
for reproduction Where, as m all higher ammals, reproduction is 
sexual, any advantage m findmg a mate wJl give an evolutionary 
advantage, smee the more successful animal wdl leave more descend- 
ants, who will on the average inherit the same quahties which ensured 



Fig 50 “Mutual courtship,” as illustrated by the crested grebe {Podiceps 
mstattis) In the breeding season, both male and female develop the chestnut 
and black crests and black “ear tufts ” These are absent in winter Right, the 
commonest form of display, m which the birds, with erected necks and partly 
spread nifis, shake their heads repeatedly at each other Left, a display less 
frequently seen, m which the birds, after diving and fetching nest material 
(water weed) from the bottom, swim at each other, and leap up to meet 
each other breast to breast, with fully spread rufis 

their parent’s success Thus, while in Natural Selection the siftmg 
mechanism consists almost exclusively of the morgamc environment 
together with the actions of the ammal’s orgamc competitors, in 
sexual selection it consists largely of the mmd of the opposite sex of 
the same speaes In other cases, however, the males fight for the 
females, and here strength, skill, vigour and protective and offensive 
weapons will be the decisive factors Characters onginatmg m this 
way are illustrated by the antlers of deer, the r anin e teeth of horses. 
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the spurs of male game birds, the mane of the hon, or the enormous 
size of the males m many seals. 

However, the more mterestmg quahties developed by sexual selec- 
tion are those which have had to go through the sieve of the mate’s 
mind As we should expect, the characters most encouraged by this 
means will be those which most readily please, stimulate, or exate the 
min d, espeaaUy on its emotional side And, as a matter of fact, they 
are just such characters, bnlhant colours hke those of male pheasants, 
oft^ combmed with striking patterns and structures, as m the tram 
of the peacock; wonderful ceremomes or dances such as that of the 
grebe (Fig 50) or the Argus pheasant (Plate 16), m which bnght or 
bcaunhil plumes are shown offm a starthng or unusual way, or agam, 
pleasant scents, such as those emitted from spcaal scales by male 
“blue” butterflies, or actually sprayed over the female by the male, as 
m the African butterfly Antauris, or gifts of food, as are made by some 
spiders and insects, or the instinct to construct regular “art galleries” 
such as are made by the bowerbirds of Austraha; or love songs, hke 
those of grasshoppers or song birds, or even speaal vibrations, hke 
those mdulged m by numerous males among the web-spmmng spiders 
(a very necessary precaution, smcc if they did not vibrate the female’s 
web m a speaal way, different from that produced by the struggles 
of captured prey, the female would m all probabihty kill her smtor 
before realizing her mistake). 

One thing is mterestmg On the whole, the characters that have 
been evolved through sexual selection are either pleasing or mterest- 
mg to us, showmg that m general wherever there is a mmd at work, 
It IS pleased and stimulated by the same lands of thin gs that please and 
stimulate our mmds. Often, it is true, the details of the display charac- 
ter seem grotesque or even unpleasant to us, but this is generally due 
to some incongruousness 

Characters like these'are usually developed only in the males, the 
selection being exercised by the mmd of the females In such cases, 
selection will be most effective where polygamy prevails, as m black- 
game, smce there the favoured male may leave a very large number 
of young, the unsuccessful males leavmg none at all In other cases, 
however, notably m birds m which both sexes share the duties of 
sitting on the eggs and lookmg after the young, and there is thus a 
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real family life, the stunulation and the selection is mutual, and 
adornments are evolved m both sexes In such cases, the ceremomes 
and dances connected with display appear to have taken on an addi- 
tional function, namely, of providmg an “emotional bond” which 
helps to keep the family together for the good of the speaes 

hi any case, the evolution of sex, the final oustmg of all other forms 
of reproduction by sexual reproduction, followed by the develop- 
ment of bram and mind to a high level at which emotions count m 
determining behaviour, made the operation of sexual selection mevit- 
able, and this m its turn detemuned the evolution of a very great deal 
of the beauty and mterest of the higher forms of life 

Lamarckism m the broad sense imphes a direct action of the environ- 
ment upon the constitution of the race The Selection Theory, it will 
be seen, only demands an mdirect influence of the environment, but 
in both cases the environment plays a great part m gmding the direc- 
tion of evolution. 

A third theory of evolution has been advanced, called Orthogenesis, 
or development m straight lines In its stnet sense, this view imphes 
that evolution proceeds m any particular direction, not because of any 
advantage gamed by the race, nor because of any direct mouldmg 
effect of the surroundmgs, but because of some inner urge, some 
necessity for the hereditary constitution to change mjust that particu- 
lar way However, many of the pomts adduced m favour of the theory 
turn out not to support one theory of the method of evolution more 
than another, but to be merely statements of fact — of the very mter- 
estmg fact that evolution does often (as m the horses, for instance) 
pursue a slow and straight-hne course In these cases, the theory of 
Natural Selection will serve equally well to account for the facts, 
without our havmg recourse to any new pnnaple. On the other hand, 
some very puzzhng cases arc known For instance, the great group of 
ammomtes, a division of molluscs related to the cutdefish and nautilus, 
and now all extmet, were very abundant m the secondary penod 
Many of them, towards the close of their hey-day, not only evolved 
along straight Imcs, but along hnes which seem to be doonung the 
evolving race to eventual extinction It is difficult to account for this 
in terms of cither Lamarckism or of Natural Selection It is dear that 
the range of possible variations is limited by the particular hereditary 
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constitution no insect can, it appears, ever develop bone, no verte- 
brate can produce a compound eye This imphes a limited form of 
Orthogenesis, and perhaps m certain cases the restnctions imposed by 
the nature of the constitution are greater. In any case, Orthogenesis 
can never be more than a subsidiary method of evolution. 

Since Darwin’s tune, knowledge has increased m many ways, and 
has compelled us to revise or re-state some of his conclusions. For 
instance, we now know much more about heredity, about the way 
m which organisms tend to resemble their parents (pp 156 seq ). We 
also know much more about variation. 

Some variations turn out not to be inbentable at all We have 
already considered some under the head of acquired characters, and, 
as a matter of &ct, a great many, perhaps the majority of the minute 
differences which distinguish mdividuals are of this sort In general, 
these non-hentablc vanations are called modifications. Opposed to 
them are vanations which can be mhented. These are called mutations 
They may be very stnkmg, as m the case of the Ancon breed of sheep 
mentioned by Darwm, where a smgle unusual ram suddenly appeared 
in a strain of ordmary sheep This ram had short crooked legs and a 
long back like a turnspit dog It transmitted its characters to its off- 
sprmg, and from it a whole new breed of sheep was produced, the 
value of the breed bemg that owing to its mhented pecuhanties it 
could not jump over fences. Or mutations may be so small that they 
are masked by the effect of modifications and are only to be detected 
by special experiments A good example is given by the weights of 
bean seeds, a problem worked out by the Danish botanistjohannsen. 

If a number of bean plants are grown and their seeds weighed, the 
weights will range widely — ^from about 200 to 900 milhgrams m this 
particular experiment The seeds of any smgle plant, however, will 
have a much narrower range of weight Further, the ranges of weight 
for the seeds of different plants may overlap, e g., those of one ranging 
from 200 to 650, of another from 400 to 900 milligrams If the seeds of 
one particular plant are saved, and grown separately, they wiU pro- 
duce plants each of wbch will have the same range of seed weight as 
did Its parent.* This range of weight will be the same whether the 

• Beans reprodnea by self-fertfliration. This process continned for a number of generaUons resulu 
m theOTganlsm being pure (homoxygous) for aU the MendeHan factors it carries Such a homozygous 
srocjc is known as a pure liru AH beans, therefore, unless arbfidally crossed, belong to pure lines. 
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Fig 51 I (a to e), five pure lines of beans All beans 
of a given size are put in a single tube, tubes con- 
taining beans of the same size are vertically over each 
other Pure line c had the largest average size of 
bean, B the smallest Below (a-^), the result of 
mixin g the five samples A, b, c, D, B, 11, mutation 
in a pure hne Above, the range of bean-size 
(frequency curve) finm one particular pure hne 
Below, two new strains, of different average size, 
which arose suddenly firom it on drScrent occasions 
and bred true. 


bean which gave nsc to the plant was hght, medium or heavy Con- 
venely, however, two beans of the same weight, which have come 
from two plants with difierent ranges of seed weight, will produce 
plants givmg difierent ranges of seed weight m their turn It is clear 
that there are m existence a number ofhereditary variations or muta- 
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tions affecting seed weight. Plants possessing one of these will have 
seeds not of a definite and constant weight, hut varying again (this 
tune by modification) between fixed iumts The amount of the modi- 
fication, however, does not affect the hereditary constitution, and the 
range of weight remains constant firom generation to generation The 
average weight for each stram (under given conditions) is fixed by 
heredity, but the differences m weight within the beans of one stram 
are due to environment — to the plant bemg m better or poorer sods, 
to the bean bemg at the base or the tip of the pod, the pod at the base 
or the tip of an upper or a lower branch, and so on (Bg 51). 

If selection for weight of seed were to be made among a large 
mixed lot of beans, and only those plants which had beans above a 
certam weight were used for breedmg, we should get a rapid mcrease 
of average seed weight m the population This would be because aU 
the strains ■with low average weight, not being allowed to reproduce, 
would be ehmmated altogether. After a few generations, however, 
selection would no longer produce any effect upon the average weight. 
The reason of this would be that we were now deahng only •with the 
stram with highest average weight, all the rest having been selected 
out, and each smgle stram breeds true to its average whether we select 
its hea'viest or its hghtest beans from which to breed Further progress 
could only be made if a new mutation were to crop up (as might 
qmte possibly happen, and as did happen durmg one of Johannsen’s 
experiments) m the duection of greater seed weight. 

Recent breedmg experiments have sho-wn that new mutations are 
continually croppmg up m all sorts of animals and plants, both -wild 
and domesticated For instance, m a speaes of the htde fiaut-fly 
Drosophila, the American zoologist Morgan has discovered over 400 
new mutations, all of which have started firom pedigree stock m the 
laboratory and all of which are inheritable Some of these mvolve very 
small changes only, such as a shght difference m eye colour, while 
others, such as a mutation which makes the flies almost wmgless and 
mcapable of flight, are far reachmg m then effects Any one mutation 
may, it appears, influence any structure or function of the body m any 
direction. 

Darwm’s statement concerning variation must therefore be put m 
a new form It should run thus — ^All animals vary continually and m 
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every part. A great deal of this variation is due to modification result- 
ing fi:om differences m environment, and is not intentcd Inlientable 
mutations, however, also occur which affect every part In any given 
spcacs a great number of these mutations are already m existence, and 
new ones arc regularly ansing 

Natural Selection, therefore, is a selection of mutations, large or 
small At present we know very httle as to why or how mutations 
onginatc That is one of the greatest tasks before biology m the 
immediate future But the fiict that they do originate is suffiaent to 
make evolution by Natural Selection possible and mtclhgiblc * 

In this way, by the constant kdlmg-off of more organisms with 
disadvantageous mutations, and the survival of more organisms with 
advantageous mutations, change will occur m the direction of better 
adaptation 

It must never be forgotten that a very shght advantage will m the 
counc of generations come to preponderate If for example, at the 
beginning of a glaaal epoch, when the climate were growing slowly 
colder, a mutation occurred m a particular kind of bcede such that it 
gave a 1 per cent advantage to its possessor— m other words that on 
the average 100 mdividuals with the new character survived, but only 
mncty-ninc without it, suppose further that the new mutation and 
the old condition were supple Mendchan allelomorphs (p 159), and 
that the new mutations were dommant, suppose further that the 
mutation existed m 1 per cent of the population. Then it can be calcu- 
lated that after less than 500 generations, half the population will show 
the new character, and that m 1658 generations (not a long penod m 
evolutionary history) 99 per cent will show it. Somewhat different 
but essentially similar figures will apply to recessive characters 

That selection does take place m nature is known by many observa- 
tions To take a simple instance, after a severe storm, an Amencan 
naturalist collected a number ofsparrows which were lying exhausted 

• The matter is not quite so simple as it appears at first sight. One great difficulty is that most 
ot ih^ ODutations found to occur in the laboratory seem to make the animal well adapted to 
Its lurroondings and often to be definitely faarmiuL However, the mutations most easily detected 
wQi usually be those with large and strfldng effects, and a large change will be hkely to throw 
the a mm a] $ organisation out of gear ^lutations of small amount which do not throw the 
tnachmery out of gear but may even Imprm'e it, must also be occurring, but the smaller they are 
the more difficult will they be to detect Very recently, it has been found possible to produce large 
cumben of mutations in Drosophila by X ray treatment This discovery should Icid to a great 
CKteoMOQ of our knowledge In the near future. 
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OH the ground. Some of these recovered, the rest died The vangs of 
those that recovered were nearer the average for the speaes, the wings 
of those that died were on the average either much larger or much 
smaller than the normal 

The theory of Natural Selection, m the shghdy altered modem 
form that we have stated, is becoming more and more firmly sup- 
ported by evidence as time goes on, and there can be now htde doubt 
that It has been the most important agency m brmgmg about adaptive 
and progressive evolutionary changes 
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every part A great deal of this variation is due to modification result- 
ing fiom differences m environment and is not inherited. Inhentablc 
mutations, however, also occur which affect every part In any given 
speaes a great number of these mutations arc already m existence, and 
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Natural Selection, tberefore, is a selection of mutations, large or 
small At present we know very btde as to why or how mutations 
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In this way, by the constant kilhng-off of more organisms with 
disadvantageous mutations, and the survival of more organisms vuth 
advantageous mutations, change will occur in the direction of better 
adaptation. 

It must never be forgotten that a very sbgbt advantage will m the 
course of generations come to preponderate. If for example, at the 
bcginmng of a glacial epoch, when the climate were growing slowly 
colder, a mutation occurred m a particular kind of beetle such that it 
gave a 1 per cent advantage to its possessor — in other words that on 
the average 100 mdmduals with the new character survived, but only 
mnety-mne without it, suppose further that the new mutation and 
the old condition were simple Mendehan allelomorphs (p 159), and 
that the new mutations were dominant, suppose further that the 
mutation existed m 1 per cent of the population. Then it can be calcu- 
lated that after less than 500 generations, half tbc population ivill show 
the new character, and that m 1658 generations (not a long penod m 
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That selection docs take place m nature is known by many observa- 
nons To take a simple instance, after a severe storm, an Amcncan 
naturalist collected a number of sparrovrs which were lying exhausted 

• The matter a not qrate lo ninplc as it appears at first sight. One great difficulty » that most 
oi the mutations found to occur m the laboratory seem to make the animal leas wcQ adapted to 
Its surroundmgs and often to be definitely harmful. Hoi^ever, the mutations most easily detected 
arfll Uiualljr be those with Urge and striking effects, and a large change will be bkely to throw 
the animals organuatioo out of gear Mutations of small amount which do not throw the 
machinery out of gear but may even impro\e it, must alv> be occurring, but the smaller they are 
the mote difficult v.-ifl th'^r be lo detect. Very recently, it has been found possible to produce large 
numbers of mutatious in Drosophila by \ ray treatment This disco>cry should lead to a great 
«atei»s.oc of our knowledge m the n*^ future 
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on the ground Some of these recovered, the rest died. The wings of 
those that recovered were nearer the average for the speaes; the wmgs 
of those that died were on the average either much larger or much 
smaller than the normal 

The theory of Natural Selection, m the shghdy altered modem 
form that we have stated, is becoming more and more firmly sup- 
ported by evidence as tune goes on, and there can be now htde doubt 
that It has been the most important agency m bnngmg about adaptive 
and progressive evolutionary changes. 



CHAPTER ELEVEN 


THE GENERAL PROCESSES 
OF EVOLUTION 

AS WE HAVE already seen, one of the most unportant properties 
XJLof animals and plants is adaptaaon to their conitions of existence 
Of this obvious but most fundamental pomt, it wiU be as well to give 
a few examples &om widely different groups of animals Birds and 
mammals both possess a constant temperature which is ordinarily 
well above that of their surroundings They should, therefore, be 
eqmppcd with an arrangement for preventmg too rapid loss of heat, 
and this is provided by the feathers m one case, the hairs m the other. 

Swimming birds, almost without exception, are web-footed or 
lobe-footed (Fig 52) The Jacana, which se^ its food on the floatmg 
leaves of water plants, has enormous toes which distnbute its weight 
as do slas or snow-shoes on the thin crust of snow Indeed, m general 
the feet of birds arc remarkably well adapted to the life whidb their 
owners lead (Fig 52) The egg-cating snake, Dasypeltis, possesses a 
special me chani sm by which it can temporarily dislocate its jaws to 
swallow an egg whole In addition, one of its neck vertebras bears 
a downwardly directed spme which protrudes mto the gullet, and is 
used to crack the egg where none of its contents wiU be wasted The 
larvas of crabs hvc near the surface of the sea, and are provided with 
long spmes which mcrease friction and make them less ready to sink 
(Plate 17 (i) ) But the most stnkmg examples arc those known as 
convergence, where a similar mode of life produces similar effects on 
quite unrelated ammals For instance, it is advantageous for man y 
ammals to be mvisiblc against their surroundmgs, either to escape 
their enemies or to approach their prey unobserved And we find that 
n polar latitudes many ammals are white, at any rate m wmter, in 
^•>crts many arc sandy, m undergrowth many arc blotched and 
•'•caked so as to break up their outhne, and harmonize with the 
(Plates 17-19, and Figs 53, 54) 

IS escape their enemies by mimicry, as it is called— by 

^i^bhng other ammals which are dangerous or distasteful Thus 
nemboi of vhich advcrosc their song by their bright black and yellow 

tmtcmioQ cf / o / 
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Fig 52 Adaptation of structure to mode of life as illustrated by 
the feet of various birds 1, Shag (webbed for swimming) , 2, crow 
(perching, grasping), 3, ptarmigan (ninning, “stocking” of 
feathers for warmth), 4, wild jimgle fowl (walking, scratchmg, 
spur for fightmg), 5, coot (lobate for swinumng), 6, jacana (toes 
elongated for walking on floating leaves), 7, sea eagle (raptonal 
for killing and holdmg prey) 

pattern, are mutated (of course quite unconsaously) by a large num- 
ber of different sorts of perfeedy harmless insects both as regards 
pattern and body form Ants may be mimicked by many other 
insects (Plates 18 (u), 19, and Figs 53, 54). 

Another type of convergence concerns shape Every one is famili ar 
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with the typical fish shape — ^thc stream lines of the body, permitting 
of rapid motion m water When other vertebrates have taken to the 
sea, they too have evolved mto a similar shape, as is seen m the 
Ichthyosaurs, a group of reptiles, and the whales and porpoises, a 
group of mammals 



Fig 53 Views (upper, from the side, lower, from above) of four speaes oi 
plant bugs {Mmbraadce) to show protective resemblance and mimicry In all 
cases the resemblance is effected by the pronotum (upper part of the first 
segment of the thorax) and head From left to nght 1, Umboma Splnosa, 
resembling a thorn, 2, Dorms kterolis, resembling a grass seed, 3, Heteronotus 
mgricans, resembling an ant, 4, Oeda Inflata, resembling m colour and shape 
the orange cocoon of a Syntomd moth, which belongs to a family charac- 
terized by nauseous taste (In the view fi:om above, die pins on which the 
insects are stuck are visible ) (After a photograph by A. Robinson) 



Fig 54 Side view of a plant bug {Mcmbractdre) 
numickmg an ant (see oho Fig 53) Note the 
outgrowth from the dorsal side of the first 
segment of the thorax which gives the resem- 
blance to the ant and covers the insect’s real 
body completely 

This adaptation of every part of an organism to its role, of every 
whole organism to its mode of hfe, is umversal It is mdeed the direct 
and most obvious outcome of Natural Selection 
But there is another fact, of perhaps greater importance, which 
must be taken mto account, and that is the existence of higher and 
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lower types of organisms. Within a few square yards we may have 
the man m a house, the dog m the yard, the worm in a flower-bed, the 
fish (probably a goldfish) m a pool m the garden, and the amoeba also 
in the pool, or ma water-butt They are all hvmg dose together, but 
their effective environments are amazmgly different m extent. Most 
of the happemngs to which the amoeba responds accurately take place 
withm a radius of a millimetre or so; when stunuh hke hght or vibra- 
tion affect It, It has no means of discovermg anythmg about the 
distance or the kmd of source firom which they come, but responds 
simply to hght or to vibration as such The total range of environ- 
ment which the hydra could conceive of would he a few centimetres 
each way The worm is a httle larger, but still without any speaal 
sense organs , it can distmgmsh hght fiom darkness, but cannot see the 
shape or colour or distance of anything, it can tell when the earth is 
vibratmg, but cannot in any true sense hear, because it cannot dis- 
tinguish tones; it cannot begm to control the environment m the 
same sort of way as man controls it, because it is not even m contact 
with most of that environment, locked away firom the happemngs of 
the outer world m a windowless existence which is almost mcompre- 
hensible to us who are provided with effiaent sense organs The fish 
can see images, but its vision of anything outside the water is very 
limited owing to the water surface, which, if it is rough, prevents 
vision across it. In addition, it is of course confined to water, and so, 
m this case, to a htde pool of a few feet radius The dog can see, can 
hear and smell very well, and can roam over the surface of the earth. 
Its environment as perceived by its senses is as extensive as that per- 
ceived by man’s senses, but it cannot understand it m the same way 
For instance, we can be pretty sure that no dog could ever come to 
understand the difference m distance between a doud, the moon, the 
sun, and the stars In addition, its brain cannot make the same reasoned 
rdations between its sense impressions as can man. Although it can 
and does learn, it can only learn m an umnteUigent way, makmg 
assoaations as they come It does not appear capable of thinking in 
abstract terms of cause and effect Its environment must seem both 
more hmited and more chaotic than the man’s The man, if he takes 
the trouble to be mterested m the environment m which he hves, finds 
It a very marvellous one He can get mformatidn, by means of a 
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microscope, of mvisiblc dungs under ius nose, lie can also obtain 
information, by spectroscope and telescope and mathematical calcu- 
lation, about the composition, size and speed of stars hundreds of 
hght years away He can know by letter and newspaper what others 
are thinking and domg, through history he can enlarge his past far 
beyond the limits of his smgle lifetime, and he can make propheaes, 
sometimes (like those of cchpses and comets) of perfect accuracy, 
concenung the future Also he can relate the different parts of his 
envuronment to each other and to general pnnaples Ihs environ- 
ment IS enormously greater, both m space and time, than the dog’s — 
let alone the amoeba’s, and it is much more mtelhgible. 

In addiuon, the six organisms are of very different sizes and degrees 
of comphcaoon Amoeba consists of one cell, hydra several thousand, 
the worm many hundreds of thousands, a man nulhons of milhons 
There are many more kinds of cells m man, dog or fish, than m hydra 
or even worm. As we ascend the senes, we find even greater mde- 
pendence of external forces Amoeba and hydra arc at the mercy of 
floods, currents, droughts A worm is hnuted to a very small section 
of the sod A fish IS wide ranging, and can change its abode at the 
onset of unfavourable arcumstances, but is confined to water The 
dog can range on land, and, finally, man is at home m every latitude, 
and has mastered sea and air as well as earth 

When we look carefully mto the matter, we can see that here, too, 
the differences between members of the senes can be thought of m 
relation to the environment, but m a much more general way than is 
the case with speaal adaptations Usmg the word environment to 
denote the whole senes of events and processes with which life 
come mto contact, and not merely the particular environment of one 
particular organism, we can say that some animals have more control 
over the environment than odicrs, and arc more mdependent of it. 
The savage is more at the mercy of the elements than is avihzed man, 
avdizadon is leanung to control floods and droughts, to make a path- 
way of communication of the same sea which to the savage is an 
impassable bamer The dog m its turn is not able to cultivate the 
ground or to kih such varied game as the savage The fish can exert 
far fewer different movements than the dog, and is much less able to 
profit by cxpcncncc. The earth-worm is not only without specialized 
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organs of locomotion, but also lacks all organs of speaal sense 

So far as mdependence goes, it is well to remember that amoeba and 
hydra are bathed, over the whole of their absorptive surface, by the 
water m which they hve, and that accordmgly any changes m the 
composition of that water act immediately upon the vital processes of 
the animals In addition, they do not possess any mechanism for regu- 
lating their temperature, and so must hve slow or fast accordmg as 
their surroundmgs are cold or hot. In man or any mammal or bird, 
both the temperature and the chemical composition of the flmd which 
is m contact with all the cells of the body are, as we have seen, kept 
constant with an extraordmary degree of accuracy, and speaal devices 
exist for preventing changes m the outer world &om exerting their 
full effect upon the vital processes of the body 

In bnef, we may say that high and low orgamsms can be dis- 
tingmshed by the degree of their control over and their mdepen- 
dence of environment This difference m mdependence and control is 
reflected m their structure and their capaaty for self-regulation and, 
m the mental sphere, by the degree of knowledge of the outer world 
which their sense organs and brains permit, and m all probabihty by 
the mtensity of their emotions. 

From what we know about evolution it is clear that the highest 


organisms have developed latest m time. This we can actually see 
happenmg as we trace back the history of life m the fossils; it is a 
probabihty which amounts for all practical purposes to certamty that 
the converse is true, and that although the early stages of the earth’s 
history as wntten m the rocks and fossils are now undeapherable, yet 
that the first forms m which life appeared were low organisms 
At the begmnmg, then, there were only low organisms, today there 
exist all gradations between the highest organisms and the lowest; as 
we shall see later, undoubtedly many organisms have degenerated 
during evolution firom a higher to a lower condition If we look back 
into the history of fossils, and mvestigate what forms of life were 
present before and after the development of some new high type, such 
as man or the mammals, we shall almost always find diat die new 
type has simply been added to the previously existing types For 
instance, the reptiles were the donunantland animals m the Secondary 
penod, before the development of the higher or placental mammals. 
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Fig 55 Diagram of the mam geological pcnods The figures give, i 
the approximate maximum thickness of the sedimentary rocks laid dt 
each penod The total thickness smee the bcginnmg of the Cambrian 
about 36 miles The mcisions mdicate the penods when vanous great m 
s^’sterm were formed — ^Eurasiatic on the left, Amencan on the ng 
dominant forms of animal life are mdicatcd on the nght, it will be nt 
highly complex forms (Trilobitcs) had already been evolved m the C 



THE GENERAL FROCBSSES OF EVOLUTION 295 

when these were evolved, just before the beginning of the tertiary 
penod, although they speedily became dominant on land, and 
although many speaes and even whole sub-groups of reptiles were 
extinguished, yet the reptilian type as a whole did not perish from off 
the face of the earth, but continued to exist as well as the mammals 
In the same way, although the advent of man sealed the death warrant 
of a great many speaes of other mammals, reduced the total number 
of lower mammals very considerably, and deposed them from their 
previous dominant position, yet lower mammals soH exist m abun- 
dance, and wiU undoubtedly continue to do so. 

Thus we cannot say that evolution consists simply m the develop- 
ment of higher from lower forms of life, it consists m raismg the 
upper level of organization reached by hving matter, while still per- 
imtting the lower types of organization to survive. This general direc- 
tion to be found m evolution, this gradual rise m the upper level of 
control and independence to be observed m hvmg thin gs with the 
passage of time, may be called evolutionary or biological progress It is 
obviously of great importance, and can be seen, on reflection, to be 
another necessary consequence of the struggle for existence. 

This improvement has been brought about m two mam ways, 
which we may call aggregation and individuation Individuation is 
the improvement of the separate umt, as seen, for example, m the 
senes Hydra — ^Earth-worm — Frog — ^Man. Aggregation is thejoinmg 
together of a number of separate umts to form a super-umt, as when 
coral polyps unite to form a colony. This is often followed by division 
of labour among the vanous units, which of course is the be ginnin g 
of mdividuation for the super-umt, the turning of a mere aggregate 
into an mdmdual {See Table pp 296-7). 

Let us take as an obvious example ofbiological progress the coloni- 
zation of the land by vertebrates As a matter of verifiable fact, the sea 
was already peopled with highly developed fish before the first 
amphibians appeared on land In other words, while there existed 
great competition among vertebrates in the sea, this competition did 
not as yet exist on the land Clearly, then, it would be a biological 
advantage to any speaes if it were to vary in such a way as to make 
it able to hvc on land, for then unchecked multiphcation would be 
possible for it, and it would have fewer enemies Variations in this 
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direction ■would thus tend to be preserved, m other words, this par- 
ticular step in biological progress would be favoured. 

As a matter of fact the step is a very large one, and progress was 
inevitably slow The Amphibia did not arave at a complete solution 
of the problem of leading a terrestrial existence Thar skm is moist, 
they are usually confined to wet places even m their adult existence, 
and the earher part of their life is almost invariably spent actually m 
water, m the shape of a tadpole larva. 

With the evolution of the Amphibia the fimge of the dry land, the 
territory between land and water, had been conquered, but not the 
dry land as a whole Once again, after millions of years during which 
the Amphibia were the highest vertebrate type, evol-ving hfe was con- 
fironted ■with a situation m which a premium was placed upon a 
further advance animals bom vath heritable vanations making it 
possible for them to hve farther and more permanently a^way from 
water would become heirs of a nch unoccupied temtory Thus it 
■was that the Amphibia, after themselves arising firom the fish, m that 
turn gave ongm to the reptiles 

In the same way, m the continual struggle that is gomg on in mam- 
mals or birds between herbivore and carmvorc, pursuer and pursued, 
each new advance m speed and size or strength m one party to the 
conflict, must call forth a corresponding advance in the other, if it is 
not to go under m the straggle and become extract The striking 
improvement in the running powers of the horse family during its 
evolution, evinced in increase of size, lengthening of the legs, reduc- 
tion in the number of the digits, and development of a well-formed 
hoof (sec Fig 57), and thesimilarimprovcmcnts that occurrcd.m other 
Ungulates, were accompanied by a corresponding increase m the size, 
speed and power of the group of Carmvora during the same geo- 
logical penods Each was at the same time the cause and the effect of 
the other 

A precisely similar state of affairs is often to be seen in the evolution 
of the tools and weapons and machines of man. For instance, m naval 
history, the racrcase throughout the nineteenth century of the range 
and piercing power of projectiles on the one hand, of the thickness 
and resistance of armour plate on the other, provides a very exaa 
parallel ■with the simultaneous increase of speed and strength in both 
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Rg 57. To illostrate the evolution of the horse, &om the Eocene pcnod till 
today The carhcst types arc placed below The number of digits on both hmbs 
is slowly reduced, the middle digit is enlarged and speaahzcd as a hoof, .the 
fore-arm is strengthened by the fusion of radius and ulna, the ulna m its distal 
part disappearing, the hind-limb is strengthened by the disappearance of the 
fibula and correspondmg enlargement of the tibia, the length of the tooth is 
increased, its gnnding surfece becomes more complex. In addition (Plate 1 
(u) ) there is an increase of size and change of proportions. 
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carnivores and then: prey In Nelson’s tune, the men-of-vrar -were 
built of unsheathed wood, and the guns fired round iron balls, ■with 
a maxunum range of a few hundred yards Today, battleships carry 
15-inch guns which fling steel-capped and pointed projectiles, laden 
with high explosive, for a dozen nules or so, while the armour plating 
of hea-wly protected ships may now reach a thickness of a foot or 
even more of spcaally treated mckel steel 

Dunng the mtcrval, progress has been steady and gradual m both 
departments of naval warfare, each advance m cffiaency of guns 
bemg the stimulus for new mvention m the methods of protection, 
and wee versa 

It IS when there is a general mcrease of the animal’s powers of 
control that we speak of progress, when the mcrease is m one special 
particular only, we speak of speaahzation For instance, the horse is 
specialized for r unnin g, the mole for burro'wmg, the bat for flying, 
the whale for a manne life, the hon for catchmg and devouring large 
animals, the sloth for h'vuig m trees Each of these animals is well 
adapted for its particular mode of life, but each is by that very 
adaptation quite cut off from leading the life of any other Dunng 
the late Secondary penod there existed siinilarly speaahzed types of 
animals For example, the Ostnch Dmosaur was adapted for runmng, 
the Ichthyosaur for life m the sea, the Tyrannosaur for preymg on 
large animals, the Pterodactyl for flight, and so on But all the former 
list of animals are mammals, all the latter were reptiles The mammals 
are higher m that they possess proper temperature regulation, for 
instance, and better pre-natal care of then young, as well as m many 
other pomts Thus, while the types of specialization, or of adaptation 
to particular modes of hfe, arc somewhat similar m the two cases, 
yet each member of the first group is higher than any member of the 
second, because its general organization is on a more effiaent level 

Whenever a new group of animals is evolved, it is found that its 
members soon become speaahzed m different directions, thus fillin g 
up different vacant places m the economy of Nature This adaptation 
to different modes of hfe, while, as we have seen, we call it specializa- 
tion when we are thinkmg only of one speacs of animal, is called 
adaptive radiation when we arc thinkmg of the group as a whole All 
fish, for instance, breathe by gills, possess fins as limbs, and have other 
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andscmi-aquatic), (10) Tnccratops (herbivorous, with defensive horns and bony bcad-fhll), (ll)Iguanodon (herbivorous) 
12-14, Marine types (12) a Pythonomorph, (13) an Ichthyosaur, (14) a Plesiosaur (15) Aenal type, Pterodactyl All 

except 2, 4, 5, 6 and 7 arc now extinct 


animal 
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characteristics in common, so that any member of the group can be 
at once recognized by a brief exarmnation of its structure. Yet the 
detailed form of different speaes of fish is extremely vaned Besides 
the ordinary type of active, firee-swimmmg fish, like the herring or 
trout or mackerel, there are fish flattened m adaptation to life on the 
bottom, some flattened sideways, like the sole and plaice, others 
flattened from above downwards, hke the skates and rays, there are 
elongated fish like eels and pipe-fish; there are fish with prehensile 
tails, like the sea-horse, there are the flymg-fish adapted for leaping 
long distances out of the water, mottled fish of irregular outhne 
adapted for hvmg on rocks, deep-sea fish with wonderful phos- 
phorescent organs for searchhghts and huge eyes for perceiving the 
femtest trace ofhght, cave-fish without eyes ataU, sucker-fiish adapted 
for stickmg tight to the imderside of stones, or for bemg earned about 
by larger fish -without expendmg any energy themselves, and so on 
and so forth through almost every conceivable sort of form possible 
m an under-water existence. 

The examples previously mentioned give an idea of some of the 
adaptive radiation which has taken place in reptiles and m mammals, 
very similar instances could be taken firom any other large group, 
such, for instance, as the insects It is mterestmg to take any su^ 
group and to see what part adaptive radiation has played in gi-ving 
rise to the mam sub-groups mto which it is divided (Figs 58, 59). 

There is one particular form of speaahzation which we have not so 
fer mentioned , and that is the retrograde form of speaahzation known 
as degeneration. There are many cases kno-wn where animals can be 
defimtely sho-wn to be less highly orgamzed today tha n were their 
ancestors m the past. The animal kno-wn as Sacculina, for instance, is 
a parasite upon various sorts of crabs It consists of a mere bag filled 
with httle else but reproductive cells, and sendmg out a whole series 
of branched roots which penetrate the crab’s body m all directions 
and suck nourishment out of it At first sight, the relationships of this 
unpleasant creature are very difficult to determme But when its 
development is mvestigated, it is found that it hatches out of the egg 
as a firee-swimrmng larva exactly hke those found m many Crustacea 
It has jomted limbs, an external skeleton made of chitin, and m fact 
bears all the distmguishmg marks that other Crustacea do, be they 
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crabs or lobsters or shrimps or water fleas It is, m fact, a crustacean 
which has become adapted to a parasitic life, and m so doing it bias 
acquired speaal adaptations, such as the root-like organs, speaally 
smted to that life, while it has lost sense organs, limbs, digestive 
system, and everytbmg else necessary for leading a free and mdepen- 
dent existence It has lost more than it has gamed, its organization has 
become simpler, its mdcpendencc less, m fact, it has gone down the 
evolutionary hill, and the direction of its history has been m most 
ways the opposite of the direction which characterizes biological 
progress (Fig 1) 

TTie form m which Sacculma hatches out resembles m general 
many crustacean larvx, but it is particularly like the early stages of the 
animals known as barnacles Every one who has been to the seaside 
knows what an acorn barnacle looks like — a httle creature attached to 
rocks or piles, enclosed m a white shell, and capable of sendmg out of 
a sht m the top of the shell a regular sweep-net composed of a number 
of “arms” — really appendages — ^with which it drags mmute floatmg 
particles of food m towards its mouth 

Even m the adult state a barnacle shows some resemblance to 
ordmary Crustacea, espeaally m its jomted limbs and chitmous 
external skeleton, the early fiee-swimming larva chnehes the matter 
and gives complete proof, as m the case of Sacculma, of their crusta- 
cean nature and affimties The very close resemblance of the larva of 
barnacles to that of Sacculma pomts to an especially close connexion 
between the two sorts of animals, and as a matter of fact, the two are 
undoubtedly descended from a common stock. 

The barnacle is degenerate as well as the Sacculma, but it is not so 
degenerate It still, for instance, possesses organs for capturing and 
digesting food. On the other hand, it has lost its organs of speaal 
sense and oflocomohon Further, it is not adapted to the same general 
mode of life as is Sacculma, it is not parasitic, but sedentary or sessile 
This setthng down and becoming fixed is the other great cause, 
besides parasitism, of degeneration m animals , as would be expected, 
the degeneration due to a sedentary life is rarely so great as that due 
to parasitism, smee the sedentary anim al does not obtam its food 
ready digested as do most parasites 

It must no t be supposed that because the general rule among a nimals 
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IS that tune brings change, that therefore tune muariahly brings 
change. The common lamp-shell Lingula, for instance, has persisted 
without any appreciable change whatever m the structure of its shell 
for the prodigious period of tune, certainly over five hundred rmlhon 


years, which has elapsed smce the Cambrian epoch m the Primary 
penod Even when mdividual speaes have changed, the general 
characters of groups have often persisted with very htde modification, 
as, for instance, those of dragon flies smce the coal-measures, of 


shark-hke fish smce the Sdunan 


In some cases this may mean that for some unknown reason the 
speaes or the group has lost the power of varymg to any considerable 
extent. More often, probably, it so admuably fills one particular 
mchemtheorderof thin gs, and a mche which stays the same through- 
out the geological penods, that it pays for the animal or the group of 
animals to stay as they are, leavmg it to other groups or to other 
branches of the same group to colonize new mches and to progress 
towards fuller existence 


To sum up, we may say that two. mam types of evolutionary 
change result m animals (and also, as a matter of fact, m plants) fiom 
the struggle for existence and the constant appearance of inhentable 
vanations In the first place, once a new type or plan of structure has 
been evolved, it undergoes adaptive radiation, m other words, there 
are developed a number of separate speaes all bmlt on the same general 
ground plan, but adapted to different and usually mcompatible modes 
of life In the second place, new t3Yes and new plans are continually 
appearmg as time goes on, and progress is marked by the fact that 
among the later-evolved types there is to be found greater com- 
plexity of organization, greater control and mdependence of 
environment, than among the earher. 

It might perhaps be thought that speaahzation was often the same 
thing as progress Speaahzation, however, imphes dose adaptation 
to one particular mode of life, while progress means greater general 
effiaency Ifwe look mto the actual history of animals m the past, we 
find that speaahzation m one direction mvolves the sacrifice of 
possible advance m other directions, and is a barrier m the long run 
to any but a qmte hmited degree of progress As a result of its long 
course of speaahzation, extcndmg for tens of nulhons of years 
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through the better part of the Tertiary epoch, a spcaahzation all 
tending towards greater cffiaency in running and browsing, the 
horse stock has, it seems, cut itself off from the possibdity of adapting 
Itself to other modes of life — to a hfe m the water or m the trees, or 
to a carmvorous habit. There is a limit to the perfection which any 
hne of specialization can attam While the horse was growmg larger, 
devclopmg hoofs, reducmg the number of its digits, another and 
wholly different type was bemg evolved m the person of man. If it 
were not that horses are useful to man, and are accordmgly domes- 
ticated, they would now be wholly or almost wholly cxtmct. The 
“natural” enemies of the horse are the large carnivores These are 
built on the same general plan as the horse — the mammahan — and 
indeed are the results of the speaahzaQon of the same plan m another 
direction The same hmits are thus set to them as to die horse stock 
Before the advent of man, a state of equihbnum existed between the 
horse and its enemies, the latter not able to destroy the former entirely, 
the first not able to escape the payment of some toll to the second 

But the hone came up against the wholly new biological conditions 
mtroduced by the new type, man, it was m direct conflict with man’s 
cunmng and tools and his habit of huntmg m bands, still more 
important, it had to compete with the mdirect efiects of the new 
development, such as the setdement and cultivation and enclosure of 
the land Against all this the horse was powerless It could not develop 
far enough or fast enough to adapt itself to such sudden changes, 
and as a result it is becoming cxtmct as a wild speaes 

Over and over agam the same dung happens, and the speaahzcd 
representative of the old type, plant or animal, is extmguished m 
competition with the speaahzcd representative of the new For trcc- 
hke representatives of the horse-tail type, which existed m the 
Carbomferous penod, we have seed-beanng trees today, for ptero- 
dactyls, birds and bats, for dmosaurs, the large mammals, for the 
large early amphibians, the Stcgocephaha, we have crocodiles, for 
the abundance, both m numbers and in speaes, of the larger mammals 
m the Phocenc, we have the multifanous activities of the swarms of 
man 

The new type seems always to have arisen from some compara- 
uvely unspeciahzed branch of the old, and to have attamed its pre- 
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eminence by means of adaptations towards general mstead of towards 
speaal eflSaency. Man has ousted the other mammals from their 
dommant position owing to the development of his mind Through 
his particular type of mind he is able to deal rationally with the 
problems that confront him; tools, machines, tradition, avihzation, 
and unexampled control and mdependence have been the result. 
The human mind is not merely adapted for solvmg one or two parti- 
cular problems; it represents a method more effiaent than any 
previously adopted for deahng with any and every problem that 
may confront an organism 

Man’s body is not highly speaalrzed, and he seems to have arisen, 
through a monkey-hke ancestor, from some unspeaahzed early 
mammahan stock like the Insectivores Nor did the early ma mmals 
show any signs of speaahzation AH the fossd mammals tliat we know 
of dunng the tune when the great period of reptihan dominance 5nd 
speaahzation lasted were small, primitive creatures, at first sight not 
hkely to wrest the pahn from their powerful nvals 

Very similar chains of events may be seen t akin g place m the 
evolution of human machmes and inventions Take, for example, the 
history of transport The most pnrmtive metbod was the carrymg 
of smgle loads by human bemgs or pack-animals Afrer that came 
the mvention of vehicles m general and of wheeled vehicles in partic- 
ular. The wheeled vehicle became specialized (“adaptive radiation”) 
m innumerable ways We have the war chanot, the rapid vehicle for 
passenger transport and for pleasure; the heavy wagon and cart; the 
van and pantechmcon; the four-in-hand mail coaches bowhng dady 
at fixed hours along the mam roads of the land A limit was set to the 
capaaty and die speed of such vehicles by the speed and strength of 
beasts of burden on the one hand, and by the imperfections of road 
surface on the other. 

At the beginning of last century a new type of vehicle was evolved 
for which these limitations no longer existed It was discovered how 
to replace the energy of animals by that of steam, and m large part 
to overcome the difficidties of surface fiiction by makin g the wheels 
of the vehicles run on metal rads As a result, steam locomotives 
became for certam purposes the “dommant type” of vehicle wi thin 
an extremely short penod of tim e 

M S T — I. 
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Here again the type itself has been improved, so that we have now 
for some time been close to the limit of its possibdities It does not 
seem possible to run a profitable service at speeds of much over sucty 
nules an hour 

About balf a century later a new plan was evolved The mtemal 
combustion engme was produced, and gave ccrtam great advantages, 
notably m bemg ready to start at once without the long preparation 
of “gcttuig steam up ” It appears to be the fate of new types to lead 
a precarious existence for a considerable time before they can compete 
successfully with the dominant types of the penod This was so, as 
we saw, with the earhest mammds, it was so for the steam engine, 
and It was so, to a very marked degree, for the internal combustion 
engmes They were laughed at when their inventors took them out 
on the roads; the law laid down that they should be preceded by a 
man with a red flag, the early defects m construction did actually 
occasion many a breakdown But within thirty years they came into 
their own 

Meanwhile, soil another competitor is m the field — the flying 
machine, a totally new type, abandoning not only the particular 
device of the wheel, but the whole clement to which the wheel was 
adapted. It looks as if in ccrtam respects, where speed is the mam 
object, the aeroplane would become the dommant type of vehicle, 
but that It would leave the major part of transport to be dealt with 
by tram and by motor 

Another mterestmg parallel with the evolution of orgamsms is 
foimd m the fact that although there has been progress, although the 
dommant type of vehicle has altered with the passage of time, yet 
many representatives of the old types have survived They have 
managed to survive by becommg restneted to a few spcaal conditions 
and places Pack-animals, for mstance, while once umversal, are now 
only employed m mountamous or roadless countnes The Amencan 
buggy IS still of the greatest use over the unmade roads which are 
still to be found m so many parts of the Umted States The horse- 
drawn vehicle will long hold its own m busmesses m which not much 
capital is available, and speed and great power are not of the first 
importance This survival of all or almost alK j^^types that arise m 
evolution, even though new types arise have'S^^ changes 
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hands, is of general occurrence in the development of ammals and 
plants, and is at first sight very puzzhng. However, the msight which 
IS gained by looking, as we have done, into the evolution of somethmg 
famihar and human hke the means of locomotion, helps us to under- 
stand the more complex and slower-movmg processes of orgamc 
evolution 

Another pomt which is brought'out by the study of the develop- 
ment of some human contnvance such as die means of transport, 
IS the great speed of change now possible m human affairs as against 
the slowness of change prevailing in lower orgamsms The whole 
period fi:om the stage-coach to the aeroplane is comprised m well 
under two centuries The resultmg change m human habits has been 
enormous; to produce comparable changes m the habits of an animal 
stock there would be needed a penod certainly to be reckoned m 
tens of thousands, possibly m milhons of years 

On the other hand, the evolution of machmes is a perfectly real 
evolution. Two different types of machines capable of performing 
the same general function — such, for instance, as the motor lorry 
and the goods steam engme — do come mto a very real competition 
with each other, and the issue of the struggle is deaded by a form of 
true natural selection, depending m the long run upon which of the 
two pays the better Here agam the study of machmes throws hght 
upon the course of events m animals It is often supposed that evolu- 
tion must mvolve some consaous effort on the part of the evolving 
organism, that the struggle for existence is a consaous struggle, or 
that a speaes m some mystenous way “learns” how to develop some 
new improvement m its structure 

As a matter of fact, almost the whole of such ideas are purely 
metaphoncal, and arise simply because we read the processes of our 
own mmds into the operations of nature, it is not saentifically correct 
to speak, for instance, o£ purpose except m relation to human mmds 
We see at once that the machmes have no idea themselves of the 
duection of their evolution, that the “struggle” between them is only 
a metaphoncal struggle, that the selection between them is, so fix 
as they are concerned, a mere sifting process, the issue of which 
depends upon the advantages or disadvantages which they may 
happen to possess - 
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It IS the same with organisriis If two races of animals come mto 
competition, the issue is deaded by the quahties which each happens 
to possess, “natural selection” is a name for the effect exerted by all 
the forces of the environment with which they come into relation, 
an eSect which acts again like an automatic sieve, and lets some 
through to perpetuate themselves, keeps back and so extmguishes 
others The “struggle” and the “competition” are agam usually 
metaphoncal only For instance, when the common house sparrow 
was mtroduccd mto Amenca, it entered mto competition with many 
of the small sparroW-hke birds which had developed m that country 
But the struggle did not take the form of a war between the mvader 
and the ongmal inhabitants It was an mdirect struggle, due to the 
fact that both hved upon the same sort of food, both occupied the 
same sort of sites The European sparrow happened to be endowed 
with quahties which gave it an advantage, and as a result it has spread 
enormously over the Amcncan comment, while many of the native 
birds have correspondingly decreased If we wish to use a human 
metaphor, we can say that its success has been the result of “peaceful 
penetration,” not of fightmg 

The difference between machmes and organisms, of course, is that 
the machmes are directly designed by man, whereas the place of the 
designer m animal evolution is (roughly) taken by the vanation which 
seems to be umversal m organisms It is vanation which provides 
the raw differences upon which the sieve of natural selection can 
work Mention must also be made of the theones of evolution which 
arc summed up under the term orthogenesis, which means evolution 
m straight hnes It is frequendy found, as for instance m the develop- 
ment of the horses or of the elephants, that evolution as revealed by 
fossils proceeds straight onward through geological time m a 
perfeedy defimte direction — m the horses towards smgle toes and 
hoofs, m the elephants towards great bulk, tusks and trunk Ortho- 
genesis IS sometimes used merely as a desenpuve term, to denote this 
observed fact of straight-hne cvoluopn But by others it is used to 
mean that there exists some inner necessity for the evolutionary hnc 
in question to develop m just that one way and no other However, 
a senes of fossils, even if beautifully complete, can really give us no 
insight mto the method by which its evolution occurred Whenever 
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the direction in ■which the senes is evol'ving is adaptive or seems 
biologically advantageous, the orthogenetic senes can be perfectly 
well explamed by natural selection On the other hand, there do exist 
cases where at least no advantage can be perceived by us in the direc- 
tion pursued. This is so, for instance, as regards the ammomtes, the 
extinct ccphalopod molluscs which died out near the end of the 
Secondary penod Near the close of their time on earth, they often 
evolved orthogenetically mto the most bizarre forms, their spiral 
shell becommg unwound, or irregular Possibly m such cases a real 
causal orthogenesis, an mwardly determmed mode of vanation, is 
at work. But we are justified m saymg that such cases, if they occur 
at all, arc certainly rare 



314 


ANIMAt BIOLOGY 



Rc 60 A diagram of the probable reladonsbips of the mam groups of the 
animal kingdom. Some of the mam steps m evolutionary advance are mdicated 
at the side A dotted hne Icadmg to a group mdicatcs the position of the group 
IS doubtful Descendmg hues mdicate evolutionary degeneration 
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even any sense organs for telling a live rail or wire from one along 
whicli no electric current is passing, and many deaths occur each 
year m consequence Although very big alterations of the environ- 
ment are there all round the current, we cannot perceive them because 
m nature electnc disturbances are either trivial m extent, or else 
occasional and uncontrollable like the hghtnmg 
The third pnnaple has already been touched on — hological progress 
It is m a sense a special case of adaptation, but it is of importance smee 
it enables us to think of higher and lower animals as well as mere 
relationship or special adaptation. 

We suppose then that life, startmg m some very simple and prob- 
ably tmy form, has gradually evolved smcc the day when it first 
appeared on earth, probably between one and three thousands of 
millions of years It has evolved mto the huge number of speacs — 
close to a nulhon — that are known today, as well as those, probably 
a fh: greater number, which have become extmet on the voyage 
through time 

The fundamental characteristics of life, its power of metabolism, 
assimilation and consequent growth and reproduction, are found m 
all creatures Their other characters, almost without exception, are 
the outward and visible sign of the mode of life they need, imposed 
upon them by the necessities of existence 
With these mam ideas m itund, we may turn to the actual animal 
kmgdom as it exists today and m the record of fossil speaes, and see 
what we can make of it (Figs 60, 61 ) 

Nofhmg certam is known — probably nothing ever will be — about 
the form m which hvmg rnatter originally existed on earth It is pretty 
clear, however, that the umts must have been small, and that one of 
the earhest types of organization evolved was what we may call the 
cellular, m which the whole animal or plant consisted of a smglc cell 
with a smglc nucleus This fundament type, although with great 
diversity of detail, is found m the great group of Protozoa, all of 
which are essentially single cells or qmte simple colomes of cells 
Such a imit can never be much enlarged, for the simple reason that 
as Its mass — that which has to be fed and provided with oxygen — 
mcrcascs as the cube of its radius, its surficc — through which its food 
and Its oxygen must come — mcreases only as the square If a Protozoan 
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Should treble its diameter without changing its shape, it would have 
multiphed its surface by nine, but its bulk by twenty-seven — three 
times as much It is as if an island depending on imported food were 
to mcrease die population to be fed without a corresponding mcrease 



Fig 62 To illustrate (a) the complexity which may be 
attained by unicellular organisms, (b) parasitism in 
Protozoa The figures represent the Cfliate Stylonydm 
mytilus infested with parasitic Acmetans Stylonychia 
possesses a speaal band of large aha beatmg towards 
the gullet, long stiff ciha at the sides, and on the ventral 
surface large, often bent, organs consisting of several 
aha fused together, by means of which it aeeps over 
the substratum P, parasitic Acmetans (Protozoa related 
to the Cihates) These multiply withm the host, 
and hberate small abated forms (c e ) for dispersal. 
(Mmchm, Jntrodtictwn to the Study of the Protozoa ) 


m docks, ports, and other import facihties In spite of small size, 
however, some Protozoa attain very considerable complexity 
62 ) 

Various methods for circumventing this hrmtation are found 
among Protozoa In some the body becomes elongated, m others 
pardy divided mto a senes of chambers, m others agam, flattened and 
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nbbon-likc, the number of nuclei m the cell is often correspondmgly 
mcreased. But this never leads to any size which we could dignify 
as even moderate, and few are the Protozoa which are visible to the 
naked eye 

A great number are parasitic, and some are the active causes ot 
senous diseases, such as malana, sleepmg sickness, and one kmd of 
dysentery Some are even parasitic upon other Protozoa (Rg 62) 
Reproduction is by fission, usually, as m the cells of our own body, 
by equal fission, sometimes by multiple fission. In most speacs at 
least, a form of sexual reproduction occurs at regular or irregular 
mtervals It is mterestmg that m a number of cases the conjugatmg 
cells, instead of bemg sharply distmguished mto male and female, as 
with the sperm and eggs of higher forms, are nearly or even wholly 
alik e Thus, the Protozoa teach us that the essential thing about sexual 
reproduction is not the existence of two sexes, but the umon of two 
nuclei mto one (Rg 63) 

One of the facts about Protozoa most cunous at first sight is that 
m them natural death does not exist, or at any rate only affects small 
parts of the body When they divide, or when they undergo sexual 
fusion, nothmg is left which can be compared to a corpse, and the 
substance of the original mdividual becomes directly transformed 
mto two new mdividuals The only death is acadental ddath, due to 
enemies or to bad conditions Natural death has not yet appeared 
Increased size (up to a certam but very large limit) is obviously m 
many ways of biological advantage A larger org anis m is less at the 
mercy of external agenaes, less hablc to the attacks of enemies It is 
only when bulk is very great that senous disadvantages arise 
Many bactena are so small that they still show “Brownian move- 
ment”, m other words, their mass is so httle larger than that of a 
molecule that the random movements of the molecules of the hqmd 
m which they hve can batter them and throw them firom side to 
side In most Protozoaandall higher anim als this is no longer possible 
The force of surface tension is enough to catch and hold fast many 
small insects if they fall on to stdl water, while no vertebrate has to 
face this mconvemence Or agam, the fastest-swimmmg Protozoa, 
or the htde Crustacea called Copepods, or the larvae of crabs and 
lobstcn, are powerless m the ocean currents which a herrmg or a 
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Fig 63 Structure and life-cycle of a Protozoan {Copromonas) The arumal is 
a cell "With a single nucleus (N), and a long -whip-lash or flagellum (Ir ) with 
which It swims Food taken m at the mouth [cst ) mto the gullet {q)h ) 

and comes to he m the protoplasm of the cell B, C, D, asexual multiphcation 
by simple fission In B, the nucleus is dividmg, m C, the body has begun to 
divide, m D, division is just completed. 2-8, sexual fusion. Two similar mdi- 
viduals become attached (2) and bdiave as gametes, fiismg their cell bodies 
(3-6) and nuclei (7) to form a smgle cell or zygote After passmg through a 
resting stage (7) this emerges (8) and grows up to the normal form (.4) once 
more Sometimes, as at V, the zygote does not pass through the resting stage, 
at other times a normal mdividual passes directly mto a resting stage (^-7) 

without sexual fiisioa. 
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mackerel breasts witb ease, while the elephant or the deer crashes 
through saplings each of which is a world to hundreds of small 
creatures 

A method adopted by many Protozoa for reapmg some of the 



Fig 64 A Protozoan Colony, without division of labour The animal 
Codosiga belongs to the Choanoflagellates, a group ofFlagellates in which 
a transparent collar of protoplasm surrounds the flagellum. The same 
arrangement is found m the cells ofthe inner layer of sponges The colony 
IS formed through the failure of the daughter mdividuals to become 
completely separated after fission 

advantages of size without the necessity for enlarging the individual 
cells IS the formation of colomes When fixed, these can produce 
strong feedmg currents by the muted action of all their cells, and can 
raise themselves on a common stalk beyond the competition of the 
common herd of non-colomal umcellular animak and plants on the 
surface of the same stick or stone, while, when firee-swnnrmng, they 
can develop greater speed (Fig 64) 

Sometimes a dmsion of labour is found between different mdi- 
nduals of the colony, some servmg for locomotion and feedmg, 
others solely for reproduction. When this is so, it is really hard to say 
whether the colony is to be considered as a simple colony, a mere 
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aggregate, or as itself individual — a compound mdividual of a 
different grade from the smgle cells wbch compose it (Fig 65). 

Although the actual links are missmg, there can be httle doubt 
that all higher ammals arose fi:om Protozoa m this kind of way— by 
the aggregation of a number of cells mto a colony, followed by a 
division of labour m the colony, first 
between reproductive cells and the 
others, which now ment the name of 
somatic or body-cells, and finally, by a 
further division of labour among the 
somatic cells mto two layers, the outer 
protective and the inner nutntive 

This particular step m evolution 
seems to have been taken twice over 
by different ammals, leadmg on m one 
case to the sponges, m the other to the 
whole of the rest of the animal kmg- 
dom 

Sponges are almost umque among 
animals for they have no mouth 
They feed, as do so many of the 
smaller aquatic creatures, on micro- 
scopic particles of food extracted from 
a current which the animal passes 
through Its body In a sponge the cur- 
rent is sucked m through a great num- 
ber of microscopic pores, and shot out 
at a smgle large opeiimg, the osailum 
(Hg 66). 

The cells that make the current are 
of a strange and mterestmg type, found 
nowhere else except in onesmall group 
of Protozoa They each have a smgle actively beatmg flagellum, and 
are called collar cells because this is surrounded by a dehcate, hvmg, 
transparent funnel or collar, which seems to help entangle food 
particles (Fig 64). 

Each of the collar cells feeds separately from all the others, there 



Fig 65 A colonial Protozoan, 
Zoothamnium, m which divi- 
sion of labour has taken place 
Feeding is done by the bell- 
shaped individuals, while the 
larger, round individuals re- 
produce the colony 
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IS no proper digestive cavity, no common fimction of digestion for 
the whole animal In this die sponges betray how httle they have 
advanced from a mere colony of separate cell umts The products of 
digesuon diffuse out from the collar ccUs to other parts of the sponge, 
or may be transported by speaal wandermg cells 

No sponges possess any sense organs or nerves, and the only move- 
ments diey can execute are slow closures and opemngs of the osculum 
and pores As might therefore be expected, they are all permanendy 
fixed to the bottom throughout adult hfe Their characteristic form 
IS maintain ed by a skeleton of spicules or fibres Our bath sponges, 
like many other speaes, are colomal, composed of a large number of 
sponge bodies aggregated together This can be seen from the fact 
diat they possess many oscula instead of only one 

The sponges thus represent an early side-line m evolution, along 
which hfe never developed far They are often put m a group 
Parazoa, as distinguished from the true Metazoa or all the rest of the 
many-celled animals 

In the evolution of the Metazoa one of the earhest “mventions” 
must have been that of a mouth leadmg mto a primitive digestive 
cavity This enabled Metazoa to tackle relatively large animals and 
plants as prey, whereas a sponge, by its whole construction, can never 
nse above microscopic particles — siftmg the water for the sake of its 
debris as men sift rubbish heaps for the few useful objects they may 
contain. 

Metazoa, too, must have been fixed and sessile animals at the start, 
only later amvmg at the emanapation of a ft ee-swimmmg existence 
Their simplest representatives are all put m the phylum Coelenterata. 
A primitive coclenterate is essentially a small bag or tube, its walls 
made of two sheets of cells It is fixed at one end, and has a mouth, 
surrounded by tentacles, at the other The mouth leads mto a cavity 
called the coelenteron, because it fulfils the functions both of the 
coelom and of the enteron or gut of higher forms 

Such a type is illustrated m the common freshwater polyp Hydra, 
which catches water-fleas and such-hke (relatively) large prey as it 
droops from a water plant with hangmg net of extended tentacles 
The prey is held and paralysed by a strange device All over the body, 
and especially on the tentacles, arc numbers of “thread cells,” capable 
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when stunulated of throwing out a hollow barbed thread containing 
poison. These thread cells occur throughout the group, m some of the 
larger speaes, such as large jelly-fish, they can inflict qnpleasant 
damage on man, and even those 


of a sea-anemone can pierce our 
skm and make it tmgle (Fig 67) 

In yet another respect even the 
lowest coelenterates are more ad — 
vanced than the sponges, they, 
have muscles all along the body, 
so that the whole animal and not 
only isolated parts can be ex- 
panded or contracted These mus- 
cles, however, are (at least, m the 
lower coelenterates) of a very 
pnmitiVe nature, smce they are 
only the mner ends of the epi- 
thenal cells forming the chief bulk 
of the two layers of the animal 
Division of labour has not gone 
so far as m higher forms the same 
cell contracts with one part of 
Itself, protects or digests with the 
rest. So a village shop often per- 
forms post office fiinctions m one 
part, grocery functions m another, 
and stationery functions m a third, 
while m a town there wdl be 
separate shops for each function 

Most, if not all, of the group 
possess nerves, and at least scat- 
tered sense organs for perceivmg 
touch stimuh 

The most important contnbu- 
tion made by coelenterates to 
evolution was perhaps the first 
emanapation of Metazoa fiom a 




Fig 66 A young Calcareous sponge 
(Sycon) soon after metamorphosis 
0 , osculum, finm which the water is 
discharged which is taken m at the 
numerous pores, p sp^, long rod- 
hke spicules, servmg mainl y for pro- 
tection sp,, smaller three-rayed 
spicules embedded m the body wall 
and servmg mainly for support The 
animal is permanently fixed by the 
end opposite the osculum. The 
animal grows largely by the addi- 
tion of thimble-shaped outgrowths, 
the flagellated chamben, the first 
row of which is seen m the centre of 
the body (Cambridge Natural His- 
tory, Vol 1, 1906 ) 
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fixed existence on the bottom or attached to water plants or floating 
objects to become firce-swimmmg 
Imagme a polyp like Hydra turned upside-down, tbejclly between 
the two cell layers much thickened, and the region between mouth 
and tentacles pulled out This would give a fair idea of the way m 
which a typical firee-swimming 'coelenterate is constructed. Such 



Fig 67 (a) A portion of a tentacle ofHydra, magnified, 
showing a number of stingmg capsules (ncmatocysts) 
contamed withm the cells (t^ead cells) which have 
formed them. From these cells project tngger hairs, cl, 
whose stimulation probably causes the disdiarge of the 
thread coiled up withm the stmgmg capsule The central 
cavity of the tentacle, which commumcates with the 
general cavity of the body, is seen, and the two layen of 
cells, endoderm and ectoderm, which surround It (B)The 
aquatic larva ofan insect after bemg captured by a Hydra 
It IS stuck aU over with stmgmg capsules. Their threads 
have been dischai^cd mto the animal’s tissues, and their 
basal barbs arc seen. (Hegner, Introduction to Zoology, 
1910) 
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animals are called Medusae, or jelly-fisli (Fig. 69) While the smallest 
are microscopic, many are over a foot across, and a few are much 
larger still (up to nearly 8 feet m Cyanea) and must weigh at least 
half a ton 

In spite of their size, however, their swimrrung is of a rudimentary 



lines represent the outer and inner margins of the body wall The nerve- 
net IS figured m surface view over one tentacle (on the nght), the base of 
the mouth, and the mam part of the body and stalk Note the absence of 
any central nervous system, but the greater concentration of the net m the 
more sensitive mouth region. The black dots on the nerve-net arebodies 
of nerve-cells The hemisphencal black bodies m the tentacles are nettle 

cells 

hand They are never swimimng anywhere m particular, but drift 
near the surface of the sea, dll their muscular energy is devoted to 
preventing themselves from sinlang Almost the only movement they 
can execute is the simple contraction of the bell, more strongly or less 
strongly accordmg to circumstances Accordmgly, they have no need 
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Fig 69 A Hydroid Polyp {Bougainvillea) (a) A small colony, natural size 
Note the root-like stolons acting as hold-fasts (b) A portion of a colony, magm- 
6cd, showing nutritive individuals or hydranths {hyd ) and sexual free-ssvim- 
nung mdividuals or medusx {med ) in various stages of formaaon The mdi- 
viduals are all jomed to a common stem, through the whole of which runs a 
common cavity (ene cav ), the colony is supported and protected by a thin, 
homy skeleton (oi ) (c) A medusa or jclly-6sh after bemg detached from the 
colony The mouth is m the centre of the handle-likc structure (mnb ) which 
protrudes downwards mto the hollow of the swimming beU Four radiating 
canals {rad t ) connect the stomach above the mouth with a circular canal 
(me) At the base of each parr of tentacles is an eye spot (oc ) and a balancmg 
organ (After Allman, &:om Parker and Haswell, Textbook of 2^ology, 1, 1897 ) 
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of an elaborated nervous system As a matter of fact, that which they 
and other coelenterates possess is of a primitive type known as a 
nerve-net, m which the sense organs commumcate with a network of 
nerve-cells branchmg all overthebody, which m their turn commum- 
cate with the muscles. 



Fig 70 Thcanatomy ofthcLiver Fluke (Di5foj«Hm/i£yaliaim) {{^Diges- 
tive and nervous systems The gut (black) is much brauched. The central 
nervous system consists of a pair of mam lateral trunks ansmg from a 
cerebral gaughon forming a collar roimd the pharynx M , mouth. C G , 
cerebral ganghon. V S , ventral sucker (b) Reproductive system All parts 
ofthis are branched G O , gemtal aperture T., testis Oi^, ovary YG, 
yolk gland, SH G , shell gland. UT , “uterus” (receptacle where eggs 
develop after fertilization, (c) Much-branched excretory system ExJ‘., 
excretory aperture (d) Enlarged view of region near gemtal aperture 


The main nervous system of a vertebrate can be compared with an 
elaborate telephone system The nerve-net is somewhat like a tele- 
phone system m which every time any receiver was taken off its 
hook all the telephone bells of all the subsenbers would start ring ing 
This sounds mconvement, but, as a matter effect, as the “subscribers” 
are the muscle fibres, and as m jelly-fish they are all engaged m doing 
the same job in the same way, it is a good thmg that ^ of them can 
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be speeded up or slowed down by a smgle stunulus to one of tbe 
seme orgam 

In our^ves tbe mtcstine has to carry out movements of the same 
sort — the comtant succession of peristaltic waves of contraction may 
be slowed, or accelerated, or m rare cases reversed m direction, but 
nothing more elaborate And it, too, possesses a nerve-net not unlike 
that of the coelenterates 

If one desires to visualize evolutionary progress, one may do worse 
fhan to remember that m its nervous and muscular orgamzation a 
jelly-fish, for all its beauty, is nearly on the level of the human gut. 

Colony formation is very frequent m coelenterates, largely as a 
consequence of the ease with which budding occurs (Fig 69) Corals 
are coelenterates and coral reefr the accumulation of the skeletom of 
these htde colomal polyps Although there are very few coral-hke 
animals round the Enghsh coasts today, m part of the secondary 
geological penod they were abundant. Oxford was near the centre 
of a coral sea, and on the hills round the town one can dig out any 
quantity of fossilized corals (Plate 20 (i)) 

Not only are some medusse very large, but the sea-anemones, too, 
have found meam to multiply very considerably the ongmal insig- 
nificant size of the primitive polyp This they have done by mcreasmg 
the thickness ofjeUy between then two layen, and by dividing their 
enlarged central cavity by a senes of strengthemng partmom 
But both these and thejelly-fish seem to have been bhnd alleys for 
devclopmg life The mam stream flowed elsewhere 
All higher groups abandon the radial symmetry of the coelen- 
terates and are (permanendy or m early stages) bilaterally symmetneal 
and therefore have a defimte head end and a back and belly They also 
all early develop three mam layers The outer produces nervous- 
sj'stem, sense orgam, and outer skm or epidermis, the inner produces 
the digestive tube and its appendages hke digestive glands, etc , the 
middle produces muscles, connective tissue, reproductive orgam, 
blood system, and, m vertebrates, kidneys and skeletom 
The lowest of these three-layered forms are the flatworms, with 
w hich we have already become famihar m the person of the Plananan 
(p 246 and Fig 40) They possess no skeleton, no respiratory orgam, 
no blood system, no body cavity, but only cellular “packing” round 
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the mam organs, and only one aperture to the digestive cavity. 
Owing to the absence of blood circulation, they must in the first 
place be flat and leaf-hke, to put all tissues withm range of oxygen 
difiusmg firom the surface In the second place, they must have their 
gut and all their organs finely branched (Fig 70). This is necessary 
so that the tissues of all organs may be able to acquire food by diflfusion 
direcdy fiom the gut Once a circulatory system was evolved, all 
necessity for this extraordmary branchmg of organs came to an end 
The flatworms, however, show a great advance on the coelenterates 
m possessing a defimte central nervous system with head ganglia or 
primitive brain. 

Space forbjds more than a bare mention of two considerable other 
groups of worms, the round-worms or Nematodes and the Nemer- 
tmes They are chiefly of interest to us m that they show stages m the 
development of new cavities m their bodies m addition to the digestive 
tube. The round-worms have a spaaous cavity which probably 
corresponds to the blood system of higher forms, although there is 
no true arculation m it, while the Nemertines show what is probably 
the bcgmnmg of the coelom In addition, their digestive tubes have 
acquired a second openmg, the anus, at the opposite end to the mouth, 
so that the fa:ces can for the first time m Metazoa pass out at a difierent 
aperture firom that at which the food is taken in. 

The tmy rotifers or wheel animalcules, famihar to all who use the 
microscope to mvestigate the population of fireshwater ponds and 
ditches, are at about the same level of evolutionary advance as the 
round-worms They very much resemble the larvae of segmented 
worms and of molluscs, however, and are perhaps to be considered as 
animals which have become degenerate by never growmg up but 
remainmg permanently m an early stage of what was once a longer 
development. 

Save for a few exceptional cases, all the r emaining members of the 
animal kmgdom, which are sometimes grouped together as Coelo- 
mata, are characterized by the possession of three mam layers — an 
anus, a true body cavity or coelom, and a true blood system 

The advantages accrumg firom these advances are clear. In the fint 
place, the contraction of gut and muscular body wall can now become 
more and more mdependent of each other, instead of the gut being 
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squeezed or pulled out according to tiic movements of the whole 
arnmal. In the second place, a sort of trap is mterposed between the 
gut and the rest of the body, m which poisons and actual bacteria 
passing m fixim the digestive tube can be dealt with In higher 
vertebrates patches of tissue which produce white blood-corpuscles 
arc found scattered over the inner wall of the coelom where it covers 
the mtestme, while m many low forms such as worms, many white 
corpuscles laden with waste materials arc found m the coelom, there 
to break down, and to be earned away by the excretory organs 
Thirdly, as the bulk of animals becomes greater, it becomes more 
and more necessary to provide greater absorptive surface in the 
mtestme We have aheady seen that m any structure which is enlarged 
without alteration of shape, bulk mcreases as r*, but surface only as 
r*. Thus, It will be of no avail to keep the same proportions of mtestme 
as the animal grows larger, but new arrangements must be made for 
makmg the sur&cc more or less proportional to r® In some animals, 
like the earth-worm, this is accomplished by a simple infolding of one 
side of the straight gut, m others, like the sharks and dogfish, by a 
spiral valve m the mtestme, down which the food must travel, as if 
down a shallow spiral staircase instead of dropping directly down a 
shaft. But m the majonty oflarge animals the difficulty is surmounted 
by coiling the gut. In a tadpole the mtestme is packed like a vratch- 
sprmg, even m man the gut is about four times as long as the whole 
body, while m herbivorous mammals it is often relatively much 
longer Only by the existence of a space such as the coelom would 
It be possible for the gut to become coiled m this way 
The whole problem of size m animals is of great mterest. As the 
accompanymg table (pp 331-335) shows, the range of size m 
organisms is enormous, a big tree bemg as many times larger than a 
small bactenum as the sun is larger than the big tree (see p 331) It is 
startlmg to find that there exist adult insects, with wings and legs, 
compound eyes and stnated muscles, smaller than the human ovum, 
that jelly-fish may reach nearly a ton m weight, that the largest 
elephant has clearance top and bottom inside a whale (Fig 92), or 
that there arc Protozoa larger than the smallest Vertebrates Many 
problems as to limitations of size arc suggested by such a table, 
but they cannot be discussed here. 
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Fig 71 

TABLE OF COMPARATIVE SIZES 

grams 

10®’ X 1 8 = minim um v/eight of universe 
10” X 2 = weight of sun 
10’’ X 6 = weight of earth 
10” X 7 = weight of moon 


10 ’® 

Big trees of Cahforma (by volume, c c.) 

10 » 

Largest oaks and elms (by volume, c c ) 

Largest whales 

10 * 

Largest Dmosaurs (Brontosaurus, Diplodocus, etc ) 

Largest fish (basking shark) 

10 ’ 

Largest cictmct purely terrestnal animals (extmet elephants) 

Note —The figures are for adult specimens only. (For smallest parasitic 
Protozoa, the full-grown form found m the Vertebrate host has been taken ) 
The sizes are given as weights m grams (except m a few stated cases, where 
volumesmcc are given) In most organisms, weight m grains will be close to 
(usually shghtly greater than) volume m c c It will be seen that the largest 
organisms are 10“ as large as the smallest known The sim is over 10” times 
as large as the largest orga n i sm s, the whole universe, accordmg to calculations 
based on the Einstcm theory, at least 10” times as large as the sun. The smallest 
organism is 10“ as large as the smallest known parucle of matter The range of 
size of organisms is therefore over a quarter of the total range of size withm the 
universe 

The size ranges of difierent groups (number of times the largest exceeds the 
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Largest existing purely terrestnal animals (elephant, rhino- 
ceros) 

Largest molluscs (giant sqmds) 

10 “ 

Very large cart-horse 

Average cart-horse and cow, red deer, alhgator 
Largest jelly-fish (Cyanea arctica) 

Largest flightless birds (moa, lepyomis, large ostnch) 

Very stout man 

Largest lizards (Varanus komodensis) 

10 ® 

Average man and woman, sheep, wolf 

Largest flymg birds (condor, albatross, tame swans) 

Largest bivalve molluscs (Tndacna, etc ) 

Largest arthropods (Japanese spider-crab, very large lobster) 

10 ‘ 

Fox, cat, bustard, wild swan 

Fowl, rabbit, largest frogs, largest ccU (yolk of scpyomis egg) 
Largest hydroid polyp (Branchioccnanthus) 

Largest Brachiopods (Productus giganteus), largest Echmo- 
derms (sea hhes, urchins, sea cucumbers and starfish) 

Largest worms (e g , Eumcc Rousseaui) 

10 ’ 

Pigeon, kestrel, herring, rat, bull-frog 


smallest number of the group) are very different That of the Vertebrates is 
Iff” Among the Vertebrates the mammals have 10* (land mammal'! 10’), birds 
10* (flymg buds only 10*), fish 10* The Arthropods have also Iff* (insects 
only Iff) The molluscs and Coelenterates have thelargest value ofany Metazoan 
groups, VIZ., 10** The Brachiopods, Echmoderms and Rotifers have all small 
ranges (10’, Iff and Iff respectively), that for the Rotifers is only Iff ff the 
small degenerate males are excluded Worms have a value of 10“ Free-hvmg 
Protozoa have a range of ICF, equal to the highest m the Metazoa If the 
parasitic forms are included, the range is mereased 100 times, to 10”, thus 
givmg the greatest value for any group 
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10 ’- 

Thrush, sparrow, mouse, common frog 
Largest insects (Gohath beetles) 

Largest spiders (South American bird-eatmg spider) 

10 ^ 

Wren, willow warbler 
Smallest mammals (pygtny shrew) 

Largest non-colomal Protozoa (Nummuhtes — all now extmct) 
Smallest birds (hummmg-birds) 

Common earth-worm 

10 ® 

Honey bee; largest ants 
Amphioxus 

Smallest fish (Cypnnodonts, e g , Heterandna formosa) 

10-1 

Smallest vertebrates (tropical frogs, e g , Phyllobates hmbatus) 
House-fly, most ants 

10 -* 

Largest Bntish water-flea (Daphnia) 

Hydra fiisca, smallest Echmoderm 
Largest Rotifers 

10 -=' 

Smallest Brachiopod (Zellama or Thecidia), common flea 
Average Daphnia 

10 -^ 

Smallest molluscs (c g , Acme stussmen) 

Small Daphnia 

Medium-sized human stnated muscle-fibre 
Most parasitic Chalad wasps 

10 -® 

Human ovum 

Smallest insects (beetles and parasitic Chalad wasps) 

Smallest Polychsetc worms (e g , Sylhdes opisthodonta) 
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Smallest Cnistacea (Daphmds) 

Smallest Coelenterate (Microhydra) 

10^ 

Large Paramcamn 

Large sensory neuron of dog (cell-body alone, without axon 
and dendntes) 

Smallest worms (Archiannelids) 

Smallest female Rotifers 

Kh’ 

Average Vomcclla 

Largest vertebrate red blood corpuscles (amphibian, e g , 
Amphiuma) 

Smallest male Rotifers (smallest Metazoa) 

Human smooth muscle-fibre firom mtestinc 
Human hvcr-ccU 

io-« 

Cell-body of small sympathetic neuron (dog) 

Dysentery amoeba 

lO-® 

Islet cell of human pancreas 
Frog’s red blood-corpuscle 
Trypanosome of sleepmg sickness 
Human white corpuscles 

ICh” 

Human red blood-corpuscle 
Maximum size of malanal parasite in man 
Human spermatozoon 
Smallest fiee-hving Protozoa (Monas) 

io-« 

Anthrax bacillus 

10 - 1 * 


Tubercle bacillus 
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Bactena (coca) of pus 

Smallest parasitic Protozoa (Theilena m ox blood-corpuscle) 

10-is 

Average coca (round baaena) 

10-1* 

Smallest visible bartena (e g., Bovme pleuro-pneumoma) 
Sphencal objects at limits of miaoscopic vision (o 2}i) 

10-is 

Small filter-passmg organisms (O-l/i diameter) 

10-1* 

10-1’ 

? a single hereditary factor (gene) 

10^“ 

Hasmoglobm molecule 

10-w 

Egg-albumm molecule 

10-M 

Peptone molecule, fat molecule 

10-11 

Glucose molecule 

10-sa 

Water molecule 

10-*® 

Hydrogen atom 

10-*‘ 

10 -** 

io-*« 

10-*’ 

An electron 

10-28 
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One of the most pnmitive groups of dcfimtely coclomatc animals 
IS the Annehds, or segmented worms These mclude the famihar 
earth-worms and then: less famihar small freshwater relatives, the 



Fig 7Z Development from the early larva onwards, of the marine 
Annehd worm Polygordius (a) The adult worm, dorsal view ct, 
tentacles, h, head, an.anus (b) Early larva (/rodiop/wre) e,eye-5pot 
on sensory region (apical plate), lo, mouth and mtestme with 
anus, on In front ofthe mouth a circular band oflong aha (c)Late 
larva The trunk region has elongated piip, larval kidney (D)The 
larva is metamorphosmg mto the adult form (lower magnifica- 
tion) The trunk is still longer and has become segmented The 
tentacles have appeared The head region has decreased m size 
(b) Anterior region of a Polychactc worm, the common sand- 
worm Nereis The body-segments bear pmmtive appendages 
(parapodia) The parapodia ofthe head region are much modified. 
Tentacles and eyes are present 

marine group called Polychaetes or “many-bnsded,” on account of 
their numerous s^vlmImng or crawlmg bnsdes and spmes on each 
segment (the lugworm is a fatmhar example) , the leeches, and some 
btde-known aberrant types 


} 
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One of the important characteristics which these possess is segmen- 
tation Of the three highest phyla of animals, the molluscs, arthropods 
and vertebrates, it is no comadence that two, and the two most 
successful, are segmented The meaning of segmentation is thus worth 
some study (Fig 72). 

AU segmented forms are alike m certam respects They all possess 
a small region m front of the mouth iti which the bram, or its first 
evolutionary rudiment, is lodged The trunk consists of a whole 
senes, often a himdred or more, of segments, each one similar to all 
the rest m ongmal plan. These are formed durmg development m a 
growth zone near the bmd end, and this growmg-region often 
contmues active throughout life Thus, the trunk region is, m a sense, 
repeated a number of times Such segmentation is called metameric 

What are the advantages of such a construction? They are several. 
In the first place, the ammal obtains any advantages of mcreased size 
that it would reap through colony formation, but with the funda- 
mental difference that the numerous identical parts, instead of bemg 
mdependent of and perhaps at cross purposes with each other, are all 
under the control of the smgle antenor region, so that it is an organism 
of unified action from the first. Then division of labour can step m, 
just as It can among the members of a colony, and modify different 
segments for different functions, so that high speaahzation is easily 
achieved 

One of the earhest advances to be found m segmented animals is 
that of head formation The primitive region m front of the mouth 
scarcely deserves the name of head Gradually, however, several of 
the next fohowmg segments become firmlyjomed to it, their nerve 
gangha m particular all bemg fused to form a smgle bram of com- 
pound ongm At the same time, more and more elaborate sense 
organs, more and more elaborate jaws and mouth parts, are evolved 
m connexion with what we can now call a head 

The Annehd worms never get very far along this Ime Their chief 
interest to the evolutionist hes perhaps m the presence m their most 
typical representatives of outgrowths all along the body, one to each 
segment, called parapodia, which one might translate as “almost 
feet.” They consist of protuberances on either side of each segment, 
each furnished with a battery of bnsdes and hairs of vanous shapes 
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These sometimes serve for burrowing, sometimes for crawlmg, some- 
times for swimmmg, there can be httle doubt that from some thin g 
of their type were evolved the hmbs of crustaceans and insects 
Many worms have red blood, red with a haemoglobm similar to 
that found m our own veins — a good example of the umty underlymg 
very diverse forms of hfe Others, however, have blood which is 



Fig 73 Side view of a male cockroach (Pertplaneta onentalu) 1, antenna, 

2, head, showing the large eyes, 3, first segment of thorax, 4, wmg, 5, jomt 
(of soft cuticle) between hard dorsal and ventral plates (of 5th segment of 
abdomen) , 6, 7, dorsal hard pbtes of 6th and last segments of abdomen, 
10-14, the five main regions of the insect limb, 15, claws 

colourless, blue or even green, m some cases the blood pigment 
contains copper or zme instead of iron. 

Worms play a great role m the soil, but that is a story every one 
should read for themselves m Darwm’s book on earth-worms 
From some type like that seen m marine Annehds there probably 
sprang the great group of Arthropods — the largest group of the 
apimal kmgdom in respea of numbers, and m some ways the most 
speaahzed and even the most advanced. 

The decisive steps that they took m their evolution were these In 
the first place they have all encased themselves m a hard covering 
made of a homy substance called chitm This, by givmg the possibdity 
not only of unyielding attachment for muscles, but also of a fixed 
and defimte shape, made rapid locomotion possible The primitive 
parapodia of the worms have been improved and converted into 
definite appendages, each consistmg of a number of hmged jomts 
In all Arthropods, marked division of labour has set in among the 
appendages, so that between them they carry out at least three 
functions Some, like the antenna:, have become sense organs, the 
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majonty are used as limbs for 
walking or swimming, and 
the rest are modified mto 
foedmg organs, takmg the 
place of our hps, jaws, teeth, 
and tongue (Fig 73) In the 
higher members ofthevanous 
Arthropod groups, the nerve 
gangha become concentrated 
near the antenor end, thus 
givmg greater centralization 
of nervous control (Figs 74, 
75 ) 

The number of segments 
may become fixed and defin- 
ite, while the head is always a 
sharply defined region Curi- 
ously enough, neither ciha 
nor flagella, for which many 
uses arefoundelsewhere.firom 
the lowest to the highest am- 
mals, are to be found m any 
Arthropod The Nematodes 
are the only other group mth- 
out ciha 

The most successful ofaqu- 
atic Arthropods are the Crus- 
tacea, rangmg from the htde 
water-fleas and tmy forms hke 
Calanus, which constitutes one 
of the mam sources of food to 
many manne fish, up to lob- 
sters and crabs Shrimps, 
prawns, henmt crabs, wood 
lice, sand hoppers, crayfish, 
are all famihar members of 
this great group (Plate 2). 

M S T — 



Fig 74 Concentration of the nervous 
system m Arthropods {Rjght) Central 
nervous s^'stem of a primitive crustacean 
{Branchipus) The tno lateral trunks of 
the nerve-cord are separate, connected 
across the middle hne by commissures 
There is a ganghon m every segment. A 
few of the antenor segmental gangha 
have coalesced to form a primitive bram 
{Left) Central nervous system of 
Seventeen-year Ocada The lateral nerve 
trunks have muted m the mid-hne, and 
the segmental ganglia of the abdomen 
have migrated mto the thorax Here they 
form, with those ongmally belongmg to 
the thorax, a single mass Only nerves are 
found m the abdomen The bram is much 
enlarged (Smallwood, Man, the Animal, 
1922) 


ANIMAL BIOLOGY 


340 

Although a few Protozoa and all earth-worms live tii the soil and 
occasional flatworms and leeches are terrestrial, yet the Arthropods 
are the first phylum we have met, and the only one beside the 
moUuscs and vertebrates, m which emanapation fi:om a watery life 
has been achieved by the majority of whole classes or orders 

A few land crabs are known, but insects, mynapods (centipedes, 
etc ), spiders and scorpions are chiefly and typically land-dweUers, 
and It IS espeaally among the insects that progress is most marked 



Fig 75 Internal anatomy of the cockroach (a) The mam trunks of 
the tracheal system st 1,3, 10 — 1st, 3rd and 10th stigmata, or external 
apertures of the trachex (b) Digestive and reproductive systems of a 
female cl, colon, cp, crop, g, gizzard, he, hepatic tubes (digestive 
gland) , 1, mid-gut. Hit, Malpighian tubes (excretory organ) , ou, nght 
ovary (the separate egg tubes, with the smallest eggs towards the 
bhnd end, are seen), r, rectum, sg, salivary gland with receptacle, sr 
(c) Central nervous system ab 1, 6, 1st and 6th abdominal ganglia, 
sb g, sub-oesophageal ganghon, sp g, bram or supra-oesophageal 
ganghon, ih 1-3, thoraac ganghon. The double commissures 
between the ganglia arc clearly shown 

Insects possess a remarkable method of breathing, whoUy drflerent 
fiom ours Their whole body is penetrated by a network of air tubes 
or tracheae (Figs 21, 75) By this means oxygen and carbon dioxide 
are taken direcdy to and from the tissues, so that the blood has no 
concern with respiration, but only serves to transport food and waste 
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products As a secondary consequence of this, the blood circulation 
need not be, and is not, rapid, and the heart is of a comparatively low 
type. 

Not content with conquering the land, the majority of insects are 
also at home m the air — a double achievement only found elsewhere 
among certam groups of vertebrates Curiously enough, instead of 
usmg any of their existing hmbs for flight, as have all flymg vertebrates 
— ^whether flying-fish, flying-fi:ogs,flymg-lizards, pterodactyls, birds, 
or bats — they have employed as wmgs two parrs of qmte new struc- 
tures growing out firom the upper part of the thorax, and probably 
developed from a kmd of giU 

Ever)'- one has heard stones of the extraordmary capaaties of 
vanous kuids of insects One wasp has been seen to use a stone to 
pound do-wn earth over its eggs — the only tool-user but man The 
soaal life of bees and ants is more comphcated than that of any other 
aiumal except ourselves In a beehive, the newly emerged bees clean 
and prepare the cells to receive new eggs, after this, they help m 
keeping the temperature of the brood up when needful by dustenng 
in dense masses over the nursenes They probably also ventilate the 
hive by fanrung with their ivmgs When the workers are three da) s 
old they begm to act as nurses, feedmg the grubs -with honey and 
pollen, this nursmg duty is given up by two weeks old at latest 
When they are between five and fifteen days old they take their first 
flights out of the hive, thus gradually gaining a knowledge of the 
surroundmg countr)^ After this the young workers begm to collect 
food from the newly returned food gatherers, and store it m the 
storage cells of the comb The growmg workers soon add to these 
duties that of samtary workers, kecpmg the hive dean and removmg 
any corpses The last task undertaken before going out fo od-gathenng 
IS that of sentry duty, the sentries examme every bee that ahghts at 
the entrance, and attack all robbers or unwelcome strangers 
Fmally, when about three weeks old, the workers set out for their 
final task of gathermg nectar and pollen 
Thus, there is a wonderful di-vision of labour or allotment of tasks 
■within the bee commumty, but the different jobs are not earned out 
by different worker castes, as was at one time supposed, but are 
allotted to different periods m the hfc-history 
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Fig 76 Intcnor of an ant’s nest to show the way in which the worken arrange 
the des eloping young according to their degree of development In the top three 
chambers are very small larvx (grubs), m the fourth, full-grown larvx, and m 
the bottom chamber, pupx The larvsc and pupae are often erroneously called 

‘■ants’ eggs ” 
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There are ants that keep slaves — some have gone so &r as to lose 
the power of looking after themselves, and have to be kept clean and 
even fed by slaves of an ahen speaes Then there are ants which use 
their own babies, m the pupa stage, to build the nest, the pupae have 
an abundant and sticky sahva, a gang of ants squeeze threads of this 
ftom leaf to leaf held m place by another gang (Fig 77) Others have 
a caste of workers that gorge themselves with honey untd thar 
bodies are quite sphencal, and then liang themselves upon the rooft 
of speaal “cellars” against the wmter When food is short, these 
hvmg store-casks are taken down and'“tapped” by the rest There 
are ants which keep domestic anim als — the httle aphids — which they 



Fig 77 TwogaiigsofworkersoftheantOccop/)}'//d5mar(J54iHarepamng 
a rent in the nest (which is made ofleaves stuck together by silk threads) 

One gang is puUmg the edges of two leaves dose together, the others, on 
the inside of the nest, are carrymg well-grown larvsc m their mouths 
By squeezmg, the larva: are made to exude shmy threads which soon 
harden to sdk, and the workers use these threads to sew the leaves 

together 

tend and keep for the sake of their sweet secretion, and there are ants 
which practise agnculture They make subterranean hotbeds vuth 
pieces ofleaves which they cut, and in these plant the spores of speaal 
fiingi, sometimes only known m the ants’ nests When a queen goes 
out to found a new colony, she takes a pellet of the preaous ftmgus 
with her m a speaal pocket below the moudi 
Insects appear to have been in existence for a longer time than 
vertebrates, certainly the highest insects such as ants have been m 
existence longer than the highest mammak Why is it, we may well 
ask, that the vertebrates ever got the chance of nsmg’ Why did not 
the insects come to occupy a predominant position among animals, 
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Fig 78 (a) A store chamber of the honey-pot ant (M)rtiiccocysliis) Certam 
workers gorge themselves vvath honey until their abdomens arc quite spherical 
(note the hght skin stretched between the dark plates of the external skeleton, 
which were ongmally m contact) They then hang themselves up m special 
underground chambers until there is a shortage of food, when they regurgitate 
their hone) to the other workers (b) 
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and keep out intruders from their preserves^ 

The answer appears to he twofold 

In the first place, their cleverness and effiaency is far more a matter 
of mbom instmcts than of leammg, clockwork smoothness rather 
than discovery and choice They can learn, but the power of leammg 
is small, the elaboration and fixity of their instmcts great It is precisely 
the reversal of this relation between instmct and leammg-capaaty 
which finally enabled the vertebrates, m the person of man, to begm 
to rise above and to control the forces which up tiU then had controlled 
and moulded hfe 

Secondly, as it turned out, the typical structure adopted by the 
group earned irrevocably, withm itself, a limit to any great advance 
m size 

The skeleton of an Arthropod is not only on the outside, once it is 
laid down it is dead If growth is to take place, the ammal must 
moult — the old skeletonbe spht and thrown off and a new one formed 
underneath While the new one is bemg formed, the ammal is 
naturally soft and defenceless 

As an Arthropod mcrcases m size, for various mechamcal reasons 
the bulk of the skeleton must grow not only absolutely but relatively 
bigger The difficulty of emergmg from the armour-platmg becomes 
greater, and the time necessary for bmldmg up a new skeleton and 
hardenmg it with hme would be more and more prolonged If there 
could exist a crab as big as a cow, it would have to spend more than 
half of Its existence m hid ing , waiting for its skeleton to grow after 
' moultmg But such an ammal could not exist Even m water and 
without a skeleton a crab’s body has some weight, and a crab of this 
size would at moultmg flatten out like a gigantic bun This would 
happen, of course, at a much lower size m land Arthropods, whose 
weight IS supported by no circumambient water And as a matter 
of fact, although we find moderately large marme Arthropods, such 
as the giant spider-crab, with a body a little bigger than a man’s 
head and gigantic but thm legs, yet the largest purely land forms 
(excludmg land crabs) are the big tarantula spiders, the bigger among 
the scorpions, the goliath beedes, and the giant swift-moth, none of 
which have a body (excludmg limbs, wmgs and the tail m scorpions) 
of over SIX inches long 
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In order to obviate some of the ddficulties which at each moult 
beset a comphcated animal ^vlth external skeleton, m all the more 
speaahzed insects is found the plan of dmdmg hfe mto two wholly 
distmct phases, with a metamorphosis between In the first or larval 
phase the necessar}^ growth is achieved, and the animal is very htde 
else but a feedmg machine — a butterfly’s caterpillar, beetle’s grub, or 
fly’s maggot Then comes transformation to a restmg stage or pupa, 
during which the metamorphic transformation is accomplished — 
the white blood-ceUs break down the larval organs, and httle reserve 
packets of cells grow up mto the organs of the adult Then from the 
pupa there emerges the reproductive adult or imago, capable gener- 
ally of flight, active, endowed with eflfiaent sense organs and won- 
derful instincts In other groups there is no pupa stage, and the 
metamorphosis is less radical (Fig 79) 

Thus, m insects the larval stage is a new developinent, forced upon 
the higher members of the group by theur very complexity, not as m 
Amphibia a primitive condition, the larval amphibian today hvmg 
m the same way and m the same element as did the ancestors of the 
group m the remote past 

Two matters must detam us for a moment The first is the soaal 
life of many insects The bees, the wasps, the ants, and the termites aU 
display a wonderful perfection of commumty life Well-developed 
commumty hfe with organized soaeties only exists m the Arthropods 
and Vertebrates These are two groups in which the formation of 
colomes with physically connected members, so frequent m lower 
forms, IS absent The mearung of this is simple The animal com- 
munity, hke the colony, mcreases die size of the effective umt, it 
takes the place of the colony m groups above a certam level of 
complexity, and this for two chief reasons First, it would be of no 
advantage, but of defimte disadvantage, to have, m any animals so 
highly orgamzed as insects or vertebrates, a colony composed of 
mdmdualsjomed to each other by physical connexions A high type 
ofammai is a high type largely by virtue of its elaborate organization 
for movmg from place to place and for perceivmg distant objects, 
and all this would be nullified by such an arrangement On the other 
hand, the perfection of its sense organs and its bram enables it to 
communicate with its fellows and to possess instincts makmg for 
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concerted action In a colony of polyps, the only way m which one 
polyp can help another is digestively , ants, however, will guide others 
to food they have found, and the adults will tend the larvsc A com- 
munity, m fact, IS a colony held together by psychical instead of by 
physical bonds The largest communioes m the world are those of 
ants and of men Some ant commumties contam over half a trulhon 
mdividuals The largest human commumties at present arc the Bntish 
Empire witli about 460 milhon mdividuals, and China with about 
420 nulhons 

In all social insects the great majonty of mdividuals are “workers,” 
mcapable of reproducuon In ants, bees, and wasps the workers are 
modified females, while m termites both males and females have 
become unsexed In many ants and termites the workers have become 
differentiated mto several sub-castes, of which the largest act as 
soldiers 

The other pomt concerns the senses of Arthropods Arthropods 
have progressed far m evolution, but along wholly different hues 
from those along which the vertebrates have travelled As one would 
expect, they possess the same general kmd of sense organs as verte- 
brates — for touch, smell, taste, sight and sometimes hearmg — but 
these are often constructed on a plan wholly different firom that of 
ours 

The sense of smell m insects, for instance, seems to depend upon the 
sensitive hairs m the feelers or antennae These are very highly deve- 
loped m the males of some moths, such as the Oak-eggar, and enable 
them to find a female of the speaes, even if shut up m a box, at a 
distance of a mile or more 

The Arthropod compound eye, however, is perhaps the most 
remarkable of their sense organs It consists essentially of a number of 
httle elongated eyes placed side by side, and separated optically from 
each other by a black backing of pigment to each. The retma of each 
eye can only receive an impression of the tmy area of outside world 
duectly m line vnth it beyond the window of its cornea All the 
retina: transnut then impressions to the bram, which must then 
receive a mosaic of separate images, and must then combme them to 
a smglc coherent picture In some dragon-flies the huge compound 
eyes arc composed of over 25,000 separate eyelets, and are curved so 
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that some of these point m every^ direction A dragon-fly can look m 
firont, and backwards, and sideways, and up, and down, all at once 
and without a movement of its head (Plate 20 (u)) 

Such eyes are probably more efifiaent than ours m some ways, such 
as m this matter of lookmg many ways at once, and m the detection 
of small movements of objects, they are, however, certainly less 
effiaent m givmg an accurate picture of the details and fine texture 
of objects, smce our sensory units are smaller, and they have no 
focusmg mechanism 

Insects, as we have seen, are usually small Every one will have 
noticed flies and small beetles and moths strugghng on the surface of 
water, they are so small that they are a prey to the surface tension 
of the surface film, and cannot get firee It is thus difficult for most 
insects to go to water to dnnk, like a land vertebrate (collectors of 
butterflies will have seen “blues” and other butterflies dnnkmg — ^but 
always from moist sod, never firom pools of water). It is possible 
that an unusual anatonucal feature of theirs is to be assoaated with 
this fact Their excretory organs do not open directly to the outside, 
but take the form of a number of thm tubes (Malpighian tubides) 
opemng mto the mtestme (Fig. 75) This may possibly be a water- 
savmg device The hmder part of die mtestme m man absorbs water, 
if It did the same m insects, aU the water contamed m the excretory 
flmd would be reabsorbed, and the animals would have to drmk 
much less 

Of other Arthropods we can speak but httle Mention should be 
made of the wonderful crab Birgus, one of the few land-hvmg 
Crustacea, whose claws are so powerful that they can open coco-nuts 
and even cut barbed wire, and then there are the spiders, which have 
developed a tracheal breathmg system quite mdependendy of the 
msects, and have the best developed courtship displays of any mverte- 
brates, as well as nvallmg all but the soaal msects m complexity of 
mstmets 

There remam of the mvertebrates the Molluscs, the Brachiopods, 
and the Echmoderms The molluscs comprise the true “shell-fish,” 
and are biologically an extremely heterogeneous group, r ang ing 
fi:om tmy primitive worm-hke creatures to the largest and most 
highly orgamzed of all mvertebrates — ^the sqmds and octopuses They 
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all possess (besides other technical characten) a large fleshy organ of 
locomotion, the foot, and almost all have a shell, they differ &om 
most other successful mvertebrates m not bcmg segmented The most 
important are the “bivalves” (Lamelhbranchs), and “univalves” 
(Gastropods), and the octopus, the nautdus, and their relatives 
(Ccphalopods) (Fig 80) 

The bivalve molluscs are a degenerate group, their degeneration 
has come about through their adoption of sessile or semi-sessde 
habits In practically all of them, such as the oyster, the mussel, the 
freshwater mussel, etc , the so-called “gills,” though they still asSist 
m respiration, are m reahty mainly food-catchmg organs They arc 
very large and covered with ciha, the ciha produce a current, and the 
gills are so arranged as to stram off" all small debns from this current. 
Their digestive system is so constructed that it cannot avail itself of 
large particles of food, and all particles above a certam size are side- 
tracked and ejected agam if they manage to get m The acquisition of 
food by these means does not requite great mtelhgence or elaborate 
senses, and we find bram and distance-receptors very poorly deve- 
loped m almost all members of the group 

The Gastropods are so called because (to quote Mr A P Herbert) 
“They travel about on their tummy ” The most remarkable fact 
about them IS that they are not symmetneal , usually, as m the common 
snail, a large part of the body is twisted up mto a spiral, the spiral 
bemg covered with a shell Limpets, cowries, whelks, slugs, snails, 
penwinkles, sea-slugs, the pteropods that form the staple diet of 
whalebone whales — these are typical examples They represent some- 
what of a compromise m cvolu&on between secunty and progress 
The shell is a fine protection, but it is a very heavy piece of armour- 
plate As a result, we usually find movement effected by sunple 
crawling on the shmy under-foot, the snail is not only proverbial, 
but typical in respect of its slowness Smee they are free-moving, 
distance receptors are wanted, but smee they move slowly, these 
sense organs are only moderately well developed Most of the speacs 
are neither very small nor very big— from about a centunetre to a 
dcametre long, a few, however, reach greater sizes One fossil 
tower-shell stands nearly five feet high, as you may see m the South 
Kcnsmgton Museum 
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Fig 80 A common octopus {Octopus vulgoris) seizmg a crab The foot of these ammab is prolonged mto eight “arms” 
provided with suckers The mouth, with homy jaws like a parrot’s beak reversed, is between the amis The nght eye is 
seen, also the funnel from which water is ejected from the mantle cavity Water is drawn m round the mantle edge to aerate 
the blood in the gills The ammal can swim rapidly backwards by ejecting water violently through this funnel It abo crawls 
about by means of its arms The body, containing the viscera, is on the left 



352 ANIMAL BIOLOGY 

The highest molluscs, however, and m some ways the highest 
mvertebrates, are the Cephalopods The more primitive among them, 
such as the nautilus and the ammomtes (now extinct, but once the 
dorrunant group), still retam a large protective shell But m all the 


Fic 81 A starfish (Ediinastcr) devouring a mussel (Mytibis) 

1, Madreponc plate, through which water enters into the 
system of water-vesseb, which help actuate the tube-feet by 
keepmg them distended. By means of its tube-feet the starfish 
exerts a constant pull which eventually wears out the muscular 
resistance of the mussel The starfish then protrudes its stomach 
out of Its mouth and inside the shell of the mussel Here it 
apparently digests the body of the mussel, the resultant fluid 
bemg sucked up mto the rest of the digestive tube of the starfish 
The starfish is depicted too much raised on the tips of its arms. 

It should be more crouched down 

highest forms the shell is quite mtcmal and much reduced — trans- 
formed from external armour to mtemal support — or even absent 
the “foot” has in these creatures become divided mto eight or ten 
“arms” beset with suckers In some of these higher forms an unusual 
method of rapidly movmg from place to place has been evolved, 
they squirt out water forwards through a narrow jet and so move 
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quickly backwards In others, muscular fins are developed along the 
sides, by means of which the ammal can swim either forwards or 
backwards In addition, some (such as the octopus) can clamber about 
on the bottom by the aid of their arms 

AH are fireely and often rapidly mobile, and not stuck to the bottom 
like most Gastropods This has resulted m a great advance m eyes 
and other sense organs, and m bram Further, the division of the foot 
into lobes (“arms”) has provided them with a different type of organ 
from any other seen m other molluscs — a real set of limbs FmaUy, 
most of them are fairly large, some mdeed are gigantic, 30 feet or 
more across the outspread arms These giants are for the most part 
inhabitants of deep water, whither they are pursued and attacked by 
the sperm whale For all their complexity of organization, however, 
they are not a large or dommant group hke the fish, sofnetlung of the 
combmed simphaty and effiaency of the fish is lackmg m them, and 
they remain, like monuments of another type of avibzation, to show 
the utmost that life was capable of producing along the MoUuscan 
hne of evolution 

The Brachiopods or lamp-shells are often mistaken for bivalve 
molluscs In reahty, they have quite another type of anatomy, vnth 
coded tentacles instead of giUs for the production of their food currenL 
They are mterestmg because some of their speaes have persisted 
without the least visible change from the earhest fossd-beanng rocks 
till today Evolutionary change is always occumng, especially among 
the latest products of evolution, but it is not a necessity. An animal 
may perform the same job m the world’s economy for as long as the 
world IS habitable 

The Echmoderms are a cunous phylum They are all marme and 
essentially bottom-hvers, sometimes fixed by a stalk hke the sea-hhes, 
more often capable of slow movement hke the starfish, bnttle-stars, 
sea-urchins, and sea-cucumbers They are remarkable m bemg the 
only whole group of coelomates which have reverted from bdateral 
to radial symmetry. They are all five-rayed, but bear, m the form of 
a few small structures, unmistakable signs of an ongmal bdaterahty. 

As would be expected, their sense organs are very poorly developed. 
Two very cunous features may be noted. They move by means of a 
system of tube feet — a great number of htde protrusible suckers fiilled 
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With water which can be made to adhere hke a boy’s “sucker” by the 
creation of a partial vacuum And some of them, such as starfishes, 
sea-urchins, possess the oddest organs, called pedicellanse, which every 
one who has a lens or imcroscope should examine when they are at 
the seaside They are htde stalked structures, each with three “jaws,” 
and are continually movmg fiom side to side making snappmg move- 
ments, each one apparently qmte on its own It is probable tliat they 
help to defend the animal, and also to keep it from bemg overgrown 
with plants or sessile animals Most Echmoderms have a larval stage, 
durmg which they are tmy transparent creatures, bilaterally sym- 
metncal, swimmmg near the surface of the sea It is clear that the 
Echmoderms represent the end of an evolutionary bhnd alley (Fig 
81) 



CHAPTER THIRTEEN 


THE ANIMAL KINGDOM (contd): THE 
VERTEBRATES 

F inally, there remain the Chordates or Vertebrates 

These claim our mterest not only as the group of animals wnth 
the highest average attainment, not only as the group which contains 
our o vm evolutionary'^ pedigree, but because a great deal of the detailed 
course of their evolution can be traced m the fossil-bearins: rocks 
All the mvertebrate phyla and most of their classes had their ongm 
so far back as to antedate the first fossii-beanng rocks we know The 
earher stratified rocks, that were laid dov.'n when they were first 
evolving, have been denuded away or so squeezed and baked through 
heat and pressure that their whole character has been altered, and the 
fossils they must have contamed have been destroyed or rendered 
unrecognizable Worms, echmoderms, arthropods, molluscs, corals, 
lamp-shells, many highly speaahzed and none essentially unlike those 
of today, are to lie met Muth m the earhest well-preserved senes of 
rocks, the Cambnan 

But with the vertebrates it is different Probably their evolution 
took longer on account of their very complexity, m any case, the 
first vertebrates so far found belong to a primitive type of fish, and 
occur m the Ordoviaan, the next division above (more recent than) 
the Cambnan 

The mam features of vertebrate evolution could be deduced equally 
well fiom comparative study of present-day forms, or from the 
snatomy and history of fossils The two methods confirm each other 
m all essentials (Fig 61) 

Starting with fish, the sahent steps m vertebrate evolution are as 
follows (1) the partial conquest of the land by amphibians, mvolving 
the transformation of swim bladder to lungs, and of paired fins to 
true limbs with fingers and toes (2) The full conquest of the land by 
reptiles, no longer restneted to dampness when adult or to water for 
their early development, fins imphed the evolution of a large-yolked 
egg, and the development of a protective water cushion or ammon 
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over the embryo withm the egg Instead of havmg to develop in 
water, each embryo is supphed with what an American writer calls 
“its own pnvate pond” in the sTiape of the flmd within its ammon 

In higher reptiles (mosdy now extmct and supplanted by mammals) 
the body was for the first time raised off the ground and supported 
entirely by the limbs (or with aid from the tad) Meanwhde, the heart 
became more or less completely divided mto two separate parts, as 
in man, one for pumpmg venous and the other for pumpmg artenal 
blood only 

Two separate hnes sprmg from the reptihan stock — the mammals 
' and the birds Both agree m havmg developed a mechanism for 
ensuring a constant temperature environment for the tissues of the 
body, and m havmg the heart completely divided mto two The first 
to be considered here (though the later to develop m evolutionary 
time) IS (3) the bird Ime The evolution of birds was made possible 
by a senes of acquisitions First, that of constant high temperature, 
next those of feathers, wmgs and air sacs In addition, existing birds 
have lost their teeth, and bird parents show a remarkable degree of 
care for there young These steps have led to the chief conquest of the 
air which has been made by vertebrates (4) The other hne led to the 
mammals Apart from the constant high temperature and the divided 
heart, the two universal characters of mammals are the possession of 
hair, and the secretion of milk by the mother Further, although a 
few mammals lay eggs, and a moderate number (most pouched 
mammals or Marsupials) bnng their young up from an extremely 
early stage m their pouch, stuck firmly on to the mpples, yet the 
largest and the dommant sub-class of mammals are all characterized 
by a placenta or organ for ensunng mterchangc of food, respiratory 
gases, etc , between the mother and the embryo m the uterus, thus 
makmg possible not only a speedier development, but also the pro- 
tection of the embryo withm the mother until a later stage than 
occurs anywhere else m the animal kmgdom All typical mammals 
arc also characterized by having a division of labour among their 
teeth (mcisors, canmes and gnndcrs), which only occurs elsewhere m 
one extinct group of reptiles 

These different steps took place at different geological times The 
chief facts arc shown grapbcally m Fig 82, which also mdicates the 
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probable relationship of the mam groups, and their relative impor- 
tance at different penods 

One or two mterestmg pomts emerge The fishes have continued 
their unabated success, as the most generally successful group of 
water-hvmg animals, fi:om very early times up till the present they 
hardly compete with mammals or birds But the amphibia had their 



classes in geological time The approximate length m years (deduced from 
radio-active rmnerals) of the three mam epochs is given on the left The 
thickness of the black columns for each class represents roughly its abun- 
dance and dominance (Probably those for fish and amphibians should not 
contract m the Mesozoic to less than their final thickness, and that for the 
reptiles should contract much more mtenscly at the close of the Mesozoic ) 
(Newman, -Fcrfefcro/c Zoology, 1920 ) 

hey-day, and sank with the nse of reptiles; the reptiles had a still - 
more marked and more remarkable period of dormnance, endmg 
with reptihan collapse and avian and mammahan advance, and tlie 
non-human mammals are now showing the same land of decrease 
coinadent with the rise of man Thus m the fossil record a succession 
of types IS really visible, and the succession is defimtely one of lower 
by higher types. 

There are, however, other Chordates beside these five classes 
Space forbids mention of some of the doubtful "poor relations” of 
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the stock, and only allows the bnefest reference to the Tumcates 
These latter are a degenerate group which have lost many of their 
distinctively Chordate characters Their degeneration, as m die 



Fig 83 (scmi-diagrammaac) The metamorphosis of a sea squirt 
(Ascidiatt) (a) The firee-swimmmg "tadpole” larva, with tubular 
nerve cord, tic, dilated antenorlj to form the “brain,” It, with 
eye spot and balanang organ m its wall Below it m the tail, 1, is a 
well-developed notochord, nt, in, mouth, leading mto pharynx 
perforated by giU-shts, with food-entanghng mechanism, e, 
(endostylc) From the pharynx arises the gullet, leadmg mto the 
stomach, st, and mtestmc , this opens mto the mantle cavity, which 
m Its turn opens to the extenor by the aperture, <i(, /, adhesive 
organ for hxation, li, heart (b) The larva has fixed itself The tail 
IS degeneratmg, the mouth and mtemal organs are growmg 
round,gi, gdl-shts, tu, dcgcneratmgrcmainsoftail (c) Metamor- 
phosis IS complete The animal is permanently fixed. Tail, 
notochord, nerve-tube and sense organs have disappeared A 
sohd ganghon, b, has been formed firom the bram The pharynx 
and atnum are much enlarged, and their apertures prolonged mto 
siphons, am, anus 

bivalve molluscs, is due to their having adopted the method of feedmg 
by produemg currents and strammg off the food particles, this has led 
to a sessile mode of life and to loss of sense organs and dimmution of 
brain Many of them form colomcs by buddmg, and have surprising 
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powers of regeneration, and dedifferenoation, they are hermaphro- 
dite They have also lost their skeleton, mdeed, each one of them 
possesses it as a free-swimmmg larva, and loses it and all the mam 
sense organs when it metamorphoses and setdes down They must 
have branched off, however, at a very early penod &om the mam 
Chordate stem, and it is perhaps comfortmg to reflect that if they 
have lost their skeleton it was by then only a notochord and not a 
real backbone (Fig 83) 

A related form, but one much closer to the ongmal pnrmtive 



Fig 84 A mature specimen of Amphioxus, from the left side <iii, anus 
(not at the postcnor extremity), aip, aperture of the cavity surroimdmg 
the pharynx (cf sea squirts, Fig 83), c, tail fin, ct, tentacles, acting as stramers, 
round the mouth, df, dorsal fin with crowded small fin rays,/r, c, eye spot 
on shghtly dilated end of neural tube, n, the 26 paired reproductive 

organs, m^, the 1st, 36th and 52nd muscle segments (myotomes), 

tich, notochord runrung the whole length of the body, and thicker than the 
nerve-tube, t'c/,second strairung organ, at entrance to pharjuix, vcs, mouth 
cavity, vf, ventral fin, the giU-shts are seen below the notochord from just 
behmd vel, to the 31st muscle segment 

Chordate type, is seen m Amphioxus The most important thmgs 
about Amphioxus are those which it does not possess It has nothing 
that could be called a head, the merest apolog}’^ for bram and distance 
receptors, no skeleton except a notochord, no heart, but only an 
ordinary blood-vessel which contracts rhythmically, a hver which is 
a mere unbranched pocket of the gut, no limbs, no reproductive 
ducts, the eggs and sperm sunply bursting out through the body wall 
It IS, however, ^vlthout a question a Chordate, as shown by its 
notochord, its pharynx pierced by giU-shts, and its hollow nerve cord 
runrung along the back instead of the belly It too depends on artifiaal 
currents for its food It serves to remmd us of a time long before that 
of the earhest fossils preserved to us now, when none of Ae Chordate 
stock had reached a higher organization than this, and all the highest 
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types of life — bird, horse, hon, dog and man himself— were no more 
than a potennahty slumbenng m die germ cells of htde Amphioxus- 
hhe creatures m the sea (Fig 84) 

The next stage in vertebrate evolution of which we have any 
record is represented by the Lampreys, but there is an enormous gap 



magnified, m surface view , it is covered with denticles, their points 
projecting obhquely upwards (b) A single denude 6, theporuon 
embedded m the skim (c) A denude in section c, the embedded 
base, in the centre of which is an aperture by which blood-vessels 
and nerves enter p, the pulp cavity, d, denUne, c, enamel 

between them and Amphioxus The lamprey has already a well- 
developed brain, a rudimentary skull and backbone of cartilage as 
well as a notochord, “nose,” eyes and ears, and a proper vertebrate 
heart and hver But they are still far bchmd any true fish They have 
no limbs, no true jaws, no true teeth, and none of them have bone 
They, too, hkc Amphioxus and its relatives, make but a very small 
group, a rchc from the past 

In their lifc-history they shed a most mterestmg hght on the 
evolution of the thyroid gland The lampcm, as the lamprey’s larva 
IS called, still obtains its food from a food current, in the same way 
as Amphioxus and the Tunicates One of the special features of the 
straining mechanism of all these Chordates is a groove called the 
cndostj'lc running along the floor of the phaiynix, which secretes a 
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Sticky mucus This is forced forward by cdia, round the mouth m two 
grooves, and along the dorsal groove back into the mtestme The giU 
dha are so arranged that aU food particles stramed off by the giUs are 
driven up to the dorsal groove Here they become entangled and 
stuck in die slime, and are passed on by this sort of movmg staircase 
to be digested m the mtestme. 

The lampem has an endostylejust like that of Amphioxus, except 
that It is rolled up m a sort of pocket under the pharynx, and sends 
out Its shme cord ready made 

When the lampem changes mto the lamprey, most of the endostyle 
degenerates altogether But some of the cells of its duct remam ahve, 
multiply, and become converted mto a typical thyroid This is a 
transformation that nobody would have been rash enough to guess 
at, if they had not been able to see it actually happen, and it is of 
mterest as showmg the way m which one organ, no longer required 
by the animal, may become converted mto another organ instead of 
disappearmg altogether This is frequendy to be seen The balancmg 
planes — the paired fins — of fishes become supportmg hmbs m land 
forms, the swim bladder which regulates a fish’s density and con- 
sequent distance firom the surface becomes a breathmg organ — the 
lung, hair m man has lost its primitive warmth-retammg function, 
and imder the influences of sexual selection has become converted to 
an adornment 

A gap agam ya^vns between the lamprey and die fish, although 
not such a wide one as that between Amphioxus and lamprey. No 
fish has a notochord persisting at fuU size throughout hfe, all have 
well-developed vertebra: and skull over-archmg the bram, paired 
hmbs, scales and teeth The true jaws have appeared, and can be 
shown to have arisen by another strange change of function, they 
are denved fiom the first pair of the bars of cartilage which support 
the gills and hold the pharynx cavity stretched as an open umbrella 
is held out by its nbs In almost all fish, however, the upper jaws are 
not yet firmly umted to the skull as m aU land forms, but onlyjomted 
on Teeth, too, have an odd history. The skm of dogfishes and sharks 
can be used for pohshmg, and when prepared is known as shagreen 
Its quahties are due to thousands of htde pomtcd scales sticking out 
fi’om Its surface When these are cxammed, each is seen to be nothmg 



362 ANIMAL BIOLOGY 

else but a miniature tooth fixed by an enlarged base Before teeth 
served as teeth they were scales, and covered the whole surface of the 
body It was those m the skm covenng the jaws which were able to 
take on new fiincaons, became true teeth, and eventually alone 
remamed when all traces of the skin-dcnticles had disappeared (Fig 
85 ) 

There are two mam groups of fish — the Elasmobranchs (dogfish, 
sharks, skates and rays), which have never developed bone m their 


Fore brain Mid brain Huid-braln - 



Fig 86 The brain of a dogfish (Sqiialus aamtlnas), from the left side The 
cranial nerves are marked with Roman numerals (rv and vi are not shown) 
The parts of the bram concerned with various senses are marked as follows 
smell, coarse dots, sight, crosses, heanng, balance and lateral Ime organs, 
broken obhque hnes, touch and other skm senses, vertical Imcs, taste and 
other stunuh from viscera (gills, stomach, etc ), horizontal Imes The motor 
nerves to gills, stomach and other viscera are marked m black and white 

rectangles 

skeleton, and the Tcleosts or higher bony fish, compnsmg all the 
farruhar speaes like hernng, sole, trout, cod, sea-horse and flymg-fiish 
The former arc primitive m a great many ways In one respect, 
however, they are better equipped than the Teleosts They lay a few 
large-yolkcd eggs, well protected m homy capsules (the “Mermaids’ 
Purses” one picks up on the seashore) or even m the oviduct of the 
mother, while the latter lay their eggs before fertilization, and have 
to produce vast quantities of them m order to compensate for the 
mevitable wastage dunng their tmy and unprotected early fives It 
IS probable that this one speaalization enables the Elasmobranchs to 
compete not too unsuccessfully with the Teleosts Then bram 




Rg 87 Two deep-sea angler-fishes, to show their extraordinary structure and 

tocit adaptations to their mode of hfc A Lmop/ir)-)ie arbonfer (about 3 m long , 
om 600 metres, m the Atlantic) The fish has a large lummous lure or bait on 
Its snout, by means of which it attracts inquisitive animals to withm snapping 
di^nce The huge barbel on the lower jaw is probably tactile, like a cat’s 
® Lastognafhus saccosloma (3 m long , fiom 4,000 metres, m the 
h lummous lure is here on a long, movable, jomted stalk, 

terminates m three hooks Apparently the whole apparatus is used like 
a baited rod and hnc. The mouth is frmged with long bnstle-like teeth, which 
prevent the escape of the prey (probably Pteropods or Crustacea) 
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(Fig 86) IS very prmutive, even when compared with that of the frog 
The smallest fish are under an mch m length, the largest is a form 
of shark which may reach 40 feet 
Fish have evolved mto the most extraordinary forms One could 
wnte a whole chapter on “Funny Fish” — pipe-fish, sea-horses, nbbon- 
fish, sun-fiish without a proper tail, cow-fish, flymg-fish, parrot-fish, 
porcupme-fish, electnc-fish, the flat-fish which fall over on one side 
as they grow and twist both eyes over on to one side of the head, 
the remora with a sucker on its head to attach itself to its hving 
locomotive the shark, angler-fiish, deep-sea fish with eyes on long 
movable stalks, or with mouth as big as the whole body, or with 
rows of red and white phosphorescent hghts like a liner at sea Fish 
are the dominant group m the waten, and have become speaahzed 
to fill every available mche (Fig 87) 

One group of freshwater fish, the lung fishes, are able to survive 
a long sojourn m the mud when the ponds and streams dry up This 
they do by extractmg oxygen from the air taken mto their swim- 
bladder, which thus acts as a lung when needed Thus, these creatures 
partly badge the gap to teacstnal life (Fig 88) 

In the structure of the limbs, however, a great gap exists between 
fish and amphibians No fish has anythmg but fins, no amphibian 
anythmg but legs equipped with fingers and toes Again, just as the 
thyroid gland was evolved from the remains of the endostyle when 
this ceased to be of use, so anodier ductless gland, the parathyroid, is 
not found m fish, but only arises out of the debris of the giU-shts 
when the vertebrates took to land 
The Amplubia need not dctam us long They are m a certam sense 
a compromise between hfe m water and life on land The biggest 
existmg amphibian is the giant salamander, which may reach 4 feet, 
though the Amphibia as a group average 6 mchcs or less However, 
m the Carboniferous penod, when they were the only land verte- 
brates, the average was much higher, and forms over 6 feet long 
existed, but all these disappeared as soon as the reptiles entered the 
field One other pomt deserves mention The Amphibia are the fint 
vertebrates capable of produemg vocal sounds deliberately 
The reptiles were the true conqueron of die land This conquest 
they ov e chiefly to their dry, strong skm, and the evolution of speaal 
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Fig 88 Vanous lung fishes (DjpHoi) (a) Ccratodus, 
with well-developed fins, firom Queensland (b and 
c) Protoptcrus and Lcpidosiren, from tropical 
Afiica and South Amenca respectively, with re- 
duced fins In all,note the absence of streamlining m 
thebodyand the wide separation of fore- and hmd- 
hmbs (d) Protoptcrus lestivating m a burrow m 
mud m the dry season It has enclosed itself m a 
flask-shaped membrane of shme which has hard- 
ened on drymg, and has an aperture for air leading 
mto the mouth Between this membrane and the 
fish’s body is a layer of soft shme (mucus) (e and f) 
Larvae of Protoptcrus and of Lepidosiren, seven 
and thirty days after hatching respectively Note 
the r\ ell-developed external gills and the general 
resemblance to the tadpole of a tailed amphibian 
The rudiments of the limbs are presented as long 
cyhndncal outgrowths (Newman, Vertebrate 
Zoolag)’, 1920 ) 
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membranes hclpmg the embryo to hve away from water m a large- 
yolked egg. The allantois, &om which tie placenta afterwards 
developed, is the embryo’s breathmg organ the ammon is a protective 
water cushion, enabhng the soft embryo to develop m fluid, protected 
from pressure and contact (Plates 10, 11) 

In Aeir hey-day the reptiles nvaUed the present mammals m size 
and vanety of spcciahzation Besides the existing lizards, snakes, 
crocodiles and tortoises, there hved m the middle and late Secondary 
period a whole senes of remarkable types There were mammal-hke 
reptdes, eqmpped with several different kmds of teeth, and able to 
run like a typical quadruped, flying pterodactyls (Fig 89), at least 
two types which had gone back to the sea, the iclithyosaurs, which 
more or less resembled whales (and produced their young ahve, as a 
speamen m the South Kensmgton Museum testifies, with a brood 
of embryo skeletons between its nbs), and plesiosaurs, with great 
flexible necks, creatures which must have looked very much like the 
average man’s idea of the sea serpent, and, finally, the most successful 
group of all, the dmosaurs, mcludmg rapid runners on two legs, 
hvmg “tanks” covered with armour-plate, great semi-aquanc herbi- 
vores like Diplodocus (Plates 20 (iii), 21), some of which grew to a 
hundred feet long, and the biggest carnivorous creatures ever known, 
such as the Tyrannosaurus, which stood over 20 feet high, and no 
doubt hved upon the gigantic vegetanans 

The end of the Secondary penod comes, and with the beginmng 
of the Tertiary the pnde of the reptiles is humbled More than half 
the groups, and those the most advanced, no longer exist, those that 
arc left arc already playing second fiddle to the early mammals and 
birds 

What brought about this revolution is not certam Possibly an 
alteration of chmatc cut down the available food supply and gave 
advantages to smaller creatures capable of temperature regulation 
There can at least be no doubt that temperature regulation and better 
provision for the young, both before and after birth or hatching, are 
the nvo progressive features m which birds and mammals chiefly 
outdistance their ancestors, the reptiles 

In the case of birds, wc luckily have come to possess true “missmg 
links” between reptiles and modem birds In the mid-Secondary, 



THE ANIMAL KINGDOM 


367 


there hved a creature called Archseopteryx — “earhest winged crea- 
ture.” It was an undoubted bird, for it possessed feathers and obvious 
wings But Its jaws possess a good complement of teeth, the wong is 
still extremely primitive m possessmg claws on three of its fingers 
(by means of which it no doubt crawled hke a bat among the 
branches), and its tail is not a fan as m all hvmg birds, but is more hke 
that of a kite, with a long jomted skeleton, and feathers branchmg off 
on either side all the way down (Fig 89) 

Fossil birds found m strata from the close of the Secondary already 
possessed the modem fan-hke tail, and had lost the claws on the wing, 
but they all stdl possessed teeth Toothless birds only appear with the 
Tertiary penod ■ 

Fhght, high temperature (over 100°, sometimes as much as 105° 
Fahrenheit), air sacs and hollow bones, nest-buddmg, bright colours 
and elaborate courtship, song, and the care of the young — these are 
the chief characters of modem birds They owe their success chiefly 
to one smgle character — the evolution of feathers These m the first 
place keep down radiation and so allow of a high body-temperature 
They also permit of the fore-hmbs alone bemg used m flight Thus the 
hmd-hmbs are left free to develop along their o^vn hnes, instead of 
bemg used up, so to speak, as one of the supports for a wing mem- 
brane, as occurred m the extmct fl}mg hzards, and occurs today m 
the bats The air-sacs not only hghtenthe body and help m breathing, 
but are used to streamhne the body so that it offers least possible 
resistance to rapid passage through the air. In the same way, most of 
the fuselage of an aeroplane only serves for streamlining, not for 
carrymg passengers or goods 

Birds are on the average notably smaller than mammals This is 
due to purely mechanical aeronautical hnutations too comphcated 
to discuss here; as a matter of hard fact, the largest birds capable of 
flight — swans, vultures or albatrosses — weigh well under 50 kilo- 
grams, while the weight of the great majonty is to be reckoned m 
ounces or even grams, the smallest hummmg-birds weighing a htde 
under 2 grams 

It IS mterestmg to compare the success of reptiles, birds, and mam- 
nials in different zones of the earth’s surface Reptiles have the 
temperature of their surroundings, consequently dieir activity is 
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Fig 89 Rcstoraaons of flying reptiles {Pterodactyls) and the pnmitive bird 
Archteoptcryx The Pterodactyls had membranous wmgs like bats, supported 
both by fore- and hmd-hmbs, but mainly by the “httle” finger The re m a ining 
fingers could still be used as claws Archteopteryx had true feathers, and wmgs 
supported only by the fore-hmb, but it retained teeth, a long tail skeleton 
feathered on either side instead of the tail £an of modem birds, and three clawed 

fingers 
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)mewhat more than doubled for each nse of 10° centigrade. In the 
jcnc they could scarcely ever be active at all, but would have to 
ast in a state of almost contmuous hibernation, and there are m 
omt of fact no reptiles m the Arctic. In the temperate zone they must 
?aste half their hfe hibernating, and even m the summer cannot 
ompcte m activity with a warm-blooded creature, so here reptiles 
re few and small In the Tropics, however, their average speed of 
ving IS more nearly that of a mammal, and they can be active all the 
car round, m the Tropics, therefore, reptiles are more abimdant and 
f greater size — crocodiles, iguanas and other large lizards, giant 



Fig 90 A female duck-bill platypus {Ontitliorhyn- 
dius) suckling its young The young are hatched 
ficom eggs The mother has milk, but no teats, she 
therefore hes on her back, and the young lap up the 
milk from the saucer-shaped depression mto -which 
the milk glands open The mother is supporting 
one young -with her left fore-foot (Ne-wman, 

Vertebrate Zoology, 1920 ) 

mtles and tortoises, boa-constnetors and pythons are all tropical 
[Plate 22) 

Mammals, owing to merely mechamcal reasons, can attam to 
arger sizes than birds On the other hand, they cannot move readily 
Tom one zone to another So it comes about that m the Arctic the 
nrds are the dominant vertebrates, because they can leave m die 
svuitcr, Arctic mammals are few, and almost all of them (like seal, 
walrus, polar bear and whale) are entirely or chiefly aquatic The 
mammals on the other hand are the dommant group m temperate 
and sub-tropical regions 

There are one or two pomts m connexion with the evolution of 
mammals that are worth mentiorung here 

What feathers have been to bnds, hair has m part been to 
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mammals, hair and milk together are the mammahan characteristics 
par excellence, hair permittmg a constant temperature, milk implymg 
a long penod of care of the young after birth Hair and milk have 
given mammals the victory over reptiles But within the mammahan 
stock Itself progress has depended chiefly on two other factors — 
brain and pre-natal care. 

There are three grades of pre-natal care to be found m die smgle 
class of mammals The duck-bill platypus (Fig 90) and echidna lay 
.eggs like any reptile The Marsupials, such as the kangaroo and 
opossum, nourish their young withm their uterus, but the mechan- 
ism IS not elaborate enough to permit of its bemg effective after the 
embryo has grown to a comparatively small size. To meet this 
difficulty, the pouch has been evolved The embryo is bom very 
small and very unformed (a new-born kangaroo is less than 2 mches 
long, naked and bhnd, the hmbs not yet provided with fingers) It 
can, however, crawl mto the pouch, there it becomes glued to the 
mpple until it reaches a stage more or less similar to that at which 
higher mammals are bom, then becommg detached, but still spendmg 
Its time m the pouch. 

The typical or Placental mammals, on the other hand, while still 
retaimng the m ilk diet for their young after birth, all possess the 
wonderful arrangement known as the placenta, by means of which 
a huge network of blood-vessels formed by the embryo mterlocks 
m the wall of the utems with a sumlar network formed by the mother. 
By this means, although there is no actual passage of blood from 
mother to embryo, perfect mterchange and nutntion is provided, 
and the embryo can be protected until fully formed In some whales 
the young are retamed withm the mother’s body till they are over 
20 feet long Whales, bemg aquatic, can attam to much greater size 
than any terrestnal ani m al They include by far the largest ani rpgl c 
which have ever existed, at least twice the bulk of the largest extinct 
reptiles They also show mteresting traces of then ongm from land 
' forms m vestigial hmd-hmbs (Figs 91, 92) 

The Placentals have become as dommant over the Marsupials, 
wherever the two groups have come mto contact, as the mammals 
over the reptiles Only m Austraha, which was cut off" from the 
rest of the world by some earth movement after it had received 
U S T— N 
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an invasion of Marsupials but before it bad been reached by any 
Placentals, are the Marsupials dominant — because without placental 
competitors 

It IS very mterestmg to find that the Austrahan Marsupials have 
evolved mto a great many forms not found elsewhere, whether fossil 
or ahve, and that the types evolved are often superfiaally very 
similar to those of Placental mammals There is a marsupial wolf, a 
marsupial mole, the wombat is hke a cross between a badger and a 
bear, some of the phalangcrs are not unlike squirrels 

The kangaroo, it is true, is of very different construction from any 


1 ", 



Fig 9Z Sulphur-bottom whale {Bahenoptera sttlphureus), 87 feet long, with 
the African elephant “Jvmbo” {Loxodonta africana), 11} feet high, drawn to 
scale (Lull, Or^aHicEi/o/imoH, 1922 ) 


large Place n t a l. It has filled the niche of herbivorous quick-moving 
animal, but has filled it m a difierent way from horse or deer 

There are, m fact, the same mches to be filled the world over, and 
difierent types may fill them m ways superficially alike or superficially 
different 

Then there is bram This has played its chief role m the mtense 
competition which took place m Placentals Throughout the 
Tertiary period new lines of evolution were being developed with 
great rapidity The upper limit of size was bemg mcreased (as, for 
instance, m the evolution of the horses, the elephants, the whales, 
the great cats), and physical speaahzation, espeaally of teeth and 
limbs, was being perfected Both size and physical speaahzation, 
however, soon reached a limit. The supportmg power of a hmb bone 
IS propornonjil to its aoss-scction, i e , to an area, while the weight 
to be supported vanes as the volume For purely mechamcal reasons. 
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Rg 93 To illustrate the increase m relative size of brain during the evolution 
of the mammals The brains on the left (reconstructed from casts of the mtenor 
of the skull) arc those of mammals from the early Tertiary period Those on 
the nght arc those of hving mammals of about the same total bulk. The two 
brains of each pair arc drawn to the same scale 

Arctocyon (a primitive carmvorous form) A Dog 

Phenacodus (a primitive imgulate form) B Pig 

Coryphodon (an extmet heavy herbivorous type) c Rhmoccros 
Umtathenum (related to Coryphodon) d Hippopotamus 

The modem brains, m addition to their mcrcase m absolute size, show an 
alteration of proportions, the olfactory lobes bemg relatively rather smaller, 
the cerebral hemispheres relatively much larger 
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therefore, the hmb bones must become relatively larger with mcreas- 
mg absolute size until they finally grow so unwieldy that size no 
longer pays A rhmoceros or an elephant is near the upper margm of 
size mechamcaUy permissible with advantage to a land animaL As 
regards speaahzation, the leg and foot of a horse or a deer, or the 
teeth of a hon or a cow, could not be much better adapted to their 
functions than they are now 

But, if the instruments at the animal’s disposal could not be 
improved, the methods of using them might be — and this is possible 
by an improvement m the structure of the bram The figure on 
p 373 may be left to speak for itself (Fig 93) 

The final changes which led to man’s evolution seem also to have 
been primarily bram changes (Fig 94) Probably, the first divergence 
of the future human stock from the ordinary land-hvmg ma mm als 
came when some shrew-hke insect-eating animal took to hvmg m 
trees From some creature like this the lemur type probably deve- 
loped, firom this agam the monkey type From the old world monkeys 
the true apes have clearly descended, by loss of tail and increase of 
brain power, and there is no doubt that from some creature which, 
though not any of the existing apes we know, would have to be 
classified m the same group with them, man finally evolved True 
apes, like the chimpanzee, are very intelhgent and educable (Plate 23) 

Taking to the trees appears to have been the necessary preliminary 
to this long evolution This put a preimum on accurate vision and 
movements which had to be compheated and accurate if the creature 
was not to fall and lose its life, while the ordinary land mammals 
continued utilizing smell more than sight, and turning their limbs 
into mere supports and running organs 

Only m the trees will there grow up the practice ofhandhng objects 
carefully, and checkmg the results by careful examination with the 
eyes, and this eventually led to the development of a true hand and 
to the m a nu al skill of human bemgs It is mteresting to find that the 
parts of the brain connected with sight and manual dextenty increase 
m size as we pass firom lemurs up through apes to man, while the 
centres connected with smell decrease very much m relative impor- 
tance (Fig 94) 

But physical acquisitions react upon the mind The monkey has 
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(TUPAIA) 



CTARSIUS) 



BRAIN OF THE MARMOSET 
(HAPALE) 

Fig 94 Development ofthe brain and its different regions mammak on vanous 
levels of development not unlike those which man’s ancestry traversed (Above) 
Two Insccuvores Note the much greater development ofthe visual region and 
reduction of the olfactory region m the arboreal tree-shrew as compared with 
the terrestnal jumpmg sinew (Centre) The tarsier, the lemur nearest to the 
monkeys (Below) One of the most primitive true monkeys The same tenden- 
acs are continued and accentuated In addition, note the enlargement of the 
pre-frontal area servmg for association 
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therefore, the hmb bones must become relatively larger with mcreas- 
mg absolute size until they finally grow so unwieldy that size no 
longer pays A rhmoceros or an elephant is near the upper margm of 
size mechamcally permissible with advantage to a land animal. As 
regards speaahzation, the leg and foot of a horse or a deer, or the 
teeth of a hon or a cow, could not be much better adapted to their 
functions than they are now 

But, if the instruments at the animal’s disposal could not be 
improved, the methods of using them rmght be — and this is possible 
by an improvement m the structure of the brain. The figure on 
p 373 may be left to speak for itself (Fig 93) 

The final changes which led to man’s evolution seem also to have 
been primarily bram changes (Fig 94) Probably, the first divergence 
of the future human stock ftom the ordinary land-hving mammals 
came when some shrew-hke insect-eating animal took to hvmg m 
trees From some creature like this the lemur type probably deve- 
loped, ftom this again the monkey type From the old world monkeys 
the true apes have clearly descended, by loss of tail and mcrease of 
bram power, and there is no doubt that from some creature which, 
though not any of the existmg apes we know, would have to be 
classified m the same group with them, man finally evolved. True 
apes, like the chimpanzee, are very mtelhgent and educable (Plate 23) 

Takmg to the trees appears to have been the necessary preliminary 
to this long evolution This put a premium on accurate vision and 
movements which had to be compheated and accurate if the creature 
was not to fall and lose its life, while the ordinary land mammals 
contmued uuhzmg smell more than sight, and turmng their limbs 
mto mere supports and runnmg organs 

Only m the trees will there grow up the practice ofhandhng objects 
carefully, and checking the results by careful examination with the 
eyes, and this eventually led to the development of a true hand and 
to the manual skill of human bemgs It is mtercstmg to find that the 
parts of the bram connected with sight and manual dextenty mcrease 
m size as we pass from lemurs up through apes to man, while the 
centres connected with smell decrease very much m relative impor- 
tance (Fig 94) 

But physical acquisitions react upon the mmd The monkey has 
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BRAIN OFTHE JUMPING SHREW 
(MACROSCELIDE5) 



BRAIN OFTHETREE SHREW 
(TUPAIA) 



aARSlUS) 



BRAIN OFTHE AAARMOSET 
(HAPALE) 

Fig 94 Development ofthc brain and its different regions mammals on vanom 

levels of development not unlike those -whidi man’s ancestry travened. (Above) 
Two Inscctivorcs Note the much greater development of the visual region and 
reduction of the olfactory region m the arboreal tree-shrew as compared with 
the terrestrial jumpmg shrew (Centre) The tarsicr, the lemur nearest to the 
monkey's (Below) One of the most primitive true monkeys The same tenden- 
aes are contmued and accentuated In addiOon, note the enlargement of the 
pre-&ontal area servmg for association. 



Fic 95 Vanous Eolitluc and Paliobtbic flint implements, showmg different 
types used for different purposes, and vanous degrees of shapmg and finish 


power of examining an object accurately by touch and sight As is 
always the ease, it is pleasant to indulge a power that we possess, 
and hence, it appears, the development of that extraordinary cunosity 
we all know in monkej's Their curiosity is largely aimless and useless, 
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but if It could be harnessed to the needs of the race, it might yield 
the most valuable results, and as a matter of fact this curiosity was 
the necessary basis of all man’s philosophy and saence 
Man himself m all probabdity developed m some temperate and 
comparatively treeless region, where the surroundmgs forced him 
down out of the easy retreat afforded by the tree tops, and compelled 
the development of skill, foresight and reasonmg power to cope with 
the animals that were his enemies and those which, m the absence of 
finits, he would have to use for food The rest of the ape stock 
remamed m its tropical forest home and was never forced to develop 
further Remains of a real Imk between apes and men, the Pithecan- 
thropus, have been found m Java. In the earher period of human 
existence, several speaes of man, some defimtely more simian than 
any types known today, were evolved (Plate 24) But today only one 
speaes survives 

Man probably ongmated m the Phocene To discuss the detailed 
development of man is outside the scope of this book We may 
mention that prehistonc man is known chiefly by the stone imple- 
ments which he has left behmd (Fig 95) , m these a slow but gradually 
accelerated progress is found with the passage of time (Fig 96) He 
had to survive the Glaaal penod, an unfavourable environment 
which probably served to sharpen his wits, and only about ten 
thousand years ago at the utmost did he discover the use of metals or 
the methods of regular agnculture. ' 

In conclusion, smee mevitably our mterest will centre on the 
biology of man, we will end this chapter by recapitulating what we 
have learned of evolution with speaal reference to those steps without 
which human development would have been impossible 
After the development of the cell, and the ongm of sex (which 
made vanation easier when needed), the first necessary step was the 
aggregation of cells to form many-celled orgamsms, without this, 
neither convement size nor suffiaent division of labour would have 
been possible The next steps were precisely those of mcreasmg total 
size and maeasmg division of labour among the organs 
First came the establishment of two and then ^ee mam layers 
with different functions, arid at the same time the maeasing impor- 
tance of the head end, due to bilaterahty and the formation of a 
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nervous-system with a dommatmg region or primitive bram m 
front The development of blood-system and coelom obviated the 
need for branched organs, and made much greater size possible 
Segmentation agam mcreased the possibihties of division of labour 
Increased size made necessary speaal organs such as heart and gills, 
while more rapid locomotion was only possible if better sense organs 
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and better nervous co-ordination was brought about Ductless glands 
made possible a new chemical co-ordination, espeaally valuable m 
regulatmg growth 

Then die emergence from water to land provided a new freedom, 
temperature regulation made hfe stable and was an absolute necessity 
for an) dchcately adjusted mental life The development of a com- 
plicated brain vath emotional moods controlhng action, made court- 
ship necessary’ between the sexes, and out of this has developed much 
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of our sense of beauty The need to develop out of water produced 
the reptihan egg, and the further prevention of waste of infant life 
was brought about by the internal development of mammals, permit- 
ting the young organism to come mto the world at a greater size As 
the mechamcal effiaency of the organs of the body approached 
perfection, an mcreasing premium was put upon more eflSaent ways 
of using the organs — other words, upon bram power The most 
important development m this respect was improved power of learn- 
ing by expenence But to learn by experience, the youth of the speaes 
must be protected and sheltered, hence the extension of parental care 
to the young for ever longer penods after birth, and the co-operation 
of both male and female parent m these duties Out of this sprang the 
family, and the constant assoaation on a common task doubtless made 
the need for commumcation more urgent, and so was a necessary 
step towards speech. Then came arboreal hfe, and the development 
of dexterity of movement, of the examination of objects by touch 
and sight, and so of curiosity. Then the re-descent to the ground, with 
necessity for great self-rehance and skill, and the hamessmg of 
cunosity to be the basis of organized knowledge; with necessity too 
for more co-operation, and hence of speech, through which alone 
organized soaety became possible 
This bnef sketch wiU perhaps give some idea of the strange series 
of processes, many of them apparendy unconnected, which have yet 
been necessary for human bemgs to arise, and for mental activity to 
become the controlling factor m evolution 
In conclusion, it should never be forgotten that man is, biologically 
speaking, quite young The half-nulhon or milli on years for which 
he has been m existence constitute but a small fraction of the time 
which the non-human mammals, for example, took to reach then 
highest perfection 
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ACTIVATION, cxatxns to actjon , especially, 
exating the era to its development, 
ADRENAL BODY (L. ad, near, rm, kidney), 
a ductless gland attached (in mammals) 
near the top of each kidney, denved partly 
(the medulla) from cells nugrated from the 
neunU crest, and partly (the cortex) from 
cells closely allied to those from t^hich the 
reproductive system is formed Aoreka 
UHC, the secretion from the medulla, Abo 
calle d SUPRARtKAL Camule 
AFFE^NT (L. ad, tOT. ards, ftro, I carry), 
carrying towards, eg, aflerent (sensory) 
nerves carry Impulses to the central nervous 
system, 

ALBINO (L, aHfUf, v.hite) an organism with 
congenital bek of pigment 
ALLANTOIS (Gr oAAi?, sausage, elSor, 
form), a sve like membranous organ growing 
out of the bind gut m the embryos of reptiles, 
birds and mammais and serving for respira 
tion or notnuoo or both 
ALLELOMORPH (Gr aAAilA*» one another, 
form) one of the alternative forms m 
which a single hereditary factor (gene) may 
exist 

ALVTOLAR AIR (L, ah^aJuf, bttlc trough 
small air sacs m the lungs) air in alveoU of 
the lungs, where gavous exchange with the 
blood b effected. 

AllJsIOV (Gr bowl) a membranous 

S.XC cojtimma fluid which encloses tho em 
brvos of reptiles, buds, and m.iinm,iU (hence 
called Amkiota) 

AMPHIBIAN (Gr both, fiiof life) 

ammxb capable of living both on land and 
in water 

WATOM\ (Gr ora, up, I cut) the 

science of bodily structure, particubxly as 
bimt from disseirtlan, 

ANflBODV (Gr opti, ^opposed to), a sub- 
stmcc formed as a reaction and defence 
against foreign proteins, 

ANTITOXIN (Gr oi-r* opposed to tefiAor, 
poison), a kind of ontlb^y, produced as a 
reaetJoo against certain types of poisons. 
ARTERY (Or aijp nir, I keep) vesseb 
which couNcy blood away from the heart to 
th<* organs etc, most artenol blood is 
I right red as a result of being purified lu the 
lungs gills, etc. (The derivation recalL the 
mistaken bebef of the early anatomists that 
th** arteries contaIn'*d air) 

ASEXUAL REPRODUCTION, reproduction 
mtho u sexual process e g budding 

^UTO^O^nC N*ER\ OUS S^'STEM, that port 
of th* n'Tvojs syitem which controL glaod» 
and imstnped (mvoluntarj) muscles and the 
It ctmpn,^ the lympaiheUcand the 
T irasTOipath«*tJcfTstetiis (q v) 

AXON (Gr a'^r, axis) th** mom outgrowth of 


a neuron (q v ) , axons constitute the essen 
t jal p ortions of nerve fibres 
BACTERIA (singular, BAcxERitm), (Gr 
fiaxryjpioy, little stick), extremely small 
suule-celled plants, related to Fungi 
BILE (L, inJts. bile) a thick, complex fluid, 
secreted by the hver, which aids m digesting 
fats 

BIOMETRY (Gr fiiof life fitrpai measure), 
the application of mathematic^ computation 
to li/o-processcs, especially as regards vana 
tion and heredity \ 

BLASTOMERE (Gr embryo, 

part), one of the ceUs produced os the result 
of the segmentation of the fertilized egg 
BI-ASTOPORE (Gr ^Aoeros embryo, wrfpor, 
passage), tbe external opening of a Gas 
TRULA (q v ), leading into tbe primitive gut 
BLASTULA (ur ^Aacntk germ), the stage at 
the dose of segmentation, m tbe devdop 
meot of mulbc^ular animals, when tbe em 
bryo is a hollow sphere, with no opening 
CALORIE (L. caUf, heat), a umt of beat 
Shall Calorie, tbe amoimt of heat required 
to raise the temperature of one pram of 
water from 15® C to 16* C Large Calorie 
or Kilocalorie, the amount of beat to raise 
the temperature of one JoJogram of water 
through the same interval 
CAPILLARIES (L. cat^iUuj, hair), minute 
blood vessels joining toe ends of the arteries 
to the beginnings of the veins with walls 
thin enough to permit the diffusion of soluble 
substances 

CHITIN (Gr x‘iw>»,n coat of mail) a bom like 
substance secretra by Arthropod and some 
other animals as an external skeleton 
CHLOROPHYLL (Gr green fnAAoi* 


food 

CHORDATE, on animal possessing noto* 
chord Chordates mdudo Vertebrates (qv) 
Timjcates Amphioxus, and a few other 
forms 

CHROMATIN (Gr •««, colour) a constitu 
cat of the nudeus which stains very rcvdily, 
and probably indudes the hereditary const! 
tution 

CHROMOSOME (Gr xP'“*p^ colour, 
bod>), deeply staining portions of CiiRO 
MATiH (q V ), of dcfinito number m each 
speaes, which are formed prqiantory to 
nudeir division and arc longitudinally 
divnded during tbe process. The bearers of 
the hereditary factors or genes 

CILIA (L ctJtum, eyelash), numerous micro 
*copic hair like projections borne on tbe sur 
face of some cells which are capable ot 
npid, CO ordinat'*d movements (S e 
1 LACCLLLU ) 


3S0 
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CLOACA (L. cJoaca, a sewer), a cavity in 
some nntmnls into which the mtestine, 
excretory ducts, and reproductise ducts 
discharge. 

COELOJI (Gr roiAm the be]i>), the main 
body^avity m which the gut is usualls sus 
pended It contains a colourless flmd. 
CONVERGENCE (L. con, together, vergo, in 
dine), the evolution of similar form or struc 
ture m unrelated organisms, as the rcsuit of a 
similar mode of life, and not as the result of 
inheritance from common ancestors 
CORPUSCLE (L coTpusculum, little body), a 
name gisen to some cells, such as blood 
cotpusdes (See p 187 et seq ) 

CYTOPLASM (Gr tcvm, vessel), the proto- 
plasm of a cell, exduding the nudeus 
DEDIFFERENTIATION, the process where 
by spedallred cells or tissues lose their char- 
acteristics, and become simple (undlfferenti 
ated) 

DOMINANT ■\\Tien one form (alldomorph) of 
a hereditary factor masks the effects of 
another form of the same factor, when both 
are present together, the first Is called dom 
Inant, the second recessii e. 

ECTODERM (Gr ncror, outside, skin), 

the outer of the Germ lai-ers (q v ) pro 
duced in early devdopmenL From It, in 
higher forms, are produced epidermis and Its 
products such as hair and feathers, skdeton 
of Arthropods, etc., the nenous system, 
sense-organs, and nephrldlal eicreton. 
organs when present 

EFFECTOR (L_ efficere, to accomplish), organs 
whose function it is to liberate energy or pro- 
duce material on behalf of the organism — 
e.g musdes, glands, dectnc and phosphores 
cent organs 

EFFERENT (L ex, out , fero, I carry), carry 
Ing away from, e-g efferent (or motor) nerves 
carry impulses outwards from the central 
nervous system 

ENDOCRINE SYSTEM (Gr «i4or within, 
rporiv, to separate), all the tissues of mtemal 
secretion , the ductless gkands 
ENDODERM (Gr et’Sop wlthm, Sepna, skm, 
membrane), the Inner of the Germ layers 
(q V ) produced m Metazoa during early 
development From it, in higher forms, are 
produced the lining of the gut and of the 
digestive glands, and, in vertebrates, the 
lungs, most of the lining of the gill slits, 
thyroid, thymus and parathyroid, 
ENDOSTYLE (Gr eiSoi-, within, otvAos, pil 
lar), a dhated glandular groove in the floor of 
the pharynx of Amphioxus, where mucus is 
formed In which food is entangled. The thy 
rold gland of higher Vertdirates Is derived 
from this. 

ENZIfME (Gr fv m, leaven), one of a 
group of substances m the bodv which bring 
about, or speed up, a particular chemical 
reaction 

EPIPHYSIS (Gr ririijivcris,), the bony disk or 
pad, detia ed from a separate centre of ossi 
hcatlon, found at either extremity of Umb 
bones and vertebrae. At matuntv, the epi 
physes become fused with the main body of 
the bone, , 

EPITHELIUM (Gr M, upon, teat), a 
sheet of tissue, one or more c^ layers thick 
co\ eimg or lining a surface 


ERYTHROCYTE (Gr epuSpoc, red, xvtos, 
cell), a red blood-corpusde 
E\CRLETION (L excreius, separated out), the 
process by which waste products are removed 
from the Ixxly 

EXTENSOR (L, exiendo, I stretch out), a 
musde or musdes that straighten a 
jomt 

EXTEROCEPTOR (L exier, outside, captre, 
to take), receptor organs affected by changes 
outside the bodv 

FACTORS, of Heredity (See Geke ) 

FAECES (L grounds), the unutihzed residue of 
the food in the gut 

FLAGELEUM (L whip), a ramute external 
whip-like process of certain cells, capable of 
active movement. WTien such processes are 
small and numerous, they are called Ciua 
( q V ) , if few, or single, flagella 
FLEXOR (L, fleclo, I bend), musdes that bend 
a jomt 

GAMETE (Gr yatierric, spouse), one of the 
cells which unite at fertilization to form a 
zygote Gametes are usually distmguishablc 
mto male and female 

GANGLION (Gr yayyAtoi , swelling), an 
aggregation of nerv e cell bodies. 

GASTRULA (Gr yatrrnp belly), the stage of 
devdopment in multicellular animals when 
the embryo is a two-layered sac surrounding 
the primitive gut, with one openmg, the 
blastopore 

GRJvE (Gr ytiw ongin), the Menddian units 
in the germ plasm which control the appear 
ance of definite characters m the offsprmg 
hereditary factors which segregate according 
to Mendelian jirindples 

GERM-CELL, A reproductive cell, or one 
which will give rise to reproductive cells- a 
cell which is not somatic (See Soila.) 
GERM-LAYER One of the fundamental two, 
or three, layers of cells which appear early in 
the devdopment of multicdluiar a nimals 
All multicellular animals have two, ectoderm 
and endoderm , most groups have also 
mesoderm 

GERJI PLASM The sum of the hereditary 
factors , that part of the organism which is 
transmitted to its descendants m reproduc- 
tion 

GLAND (L. glam, nut), an organ whose chief 
function It is to secrete or excrete some 
spedal substance 

GONAD (Gr yii or. reproduction), an orgnn of 
sexual reproduction (ovary or testis) 
HAEMOGLOBIN (Gr ot^a, blood, L, globus, 
a round, hence gJobuhn, a proteld), the red 
colouring matter in blood, concerned with 
the transport of oxygen 
HERMAPHRODITE (Gr the god 

Hermes, ’A(f>po5iT77, the goddess Aphrodite), 
having both male and female reproductiw 
organs 

HISTOLOGY (Gr iotiJs, Aveb, Aoyor dL- 
course), the study of tissues and tj'pcs of 
cells in plants and nnimaU 
HOR^IONE (Gr opun^), I stir up), a secretion 
which circulates in the body and influences 
organs and tissues other than tho^e from 
%vhich i t w^ produced, 

HYDRAKTH (Gr vSpa, water-serpent ay9 
flower), the flower like individuals watb 
nutritive function, of hydroid colonies 
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INHIBIT (L. tnhtb^c, I prevent) to check. 
The xnhibilory action of nerves reduces the 
activity of muscles or glands, 

INSULIN (L. injufa, an island) the internal 
secretion of the pancreas, produced bv scat 
tcred ^ups of cells called the islets of 
Langerhans. Insulin is necessary for the 
utilisation of sugar by the tissues. Lack of it 
caus es diabetes 

INT1ESTINE (L tni^sitnus, withm), that part 
of the alimentary canal where digested food 
u ab^rbed and the undigested residue con 
verted mto faeces. 

KILOCALORIE (See Calorie ) 

LARVA (L. UtM, ghost, mask), a stage In the 
development of some when, after 

hatching from the egg, they are self support 
ing but \cry different in structure and mode 
of life from the adult, e g caterpillar, tad 
pole. 

LEUCOCYTE (Gr Aev«Sc, white , nlroc, 
vessel), a white blood corpuscle 
LINKAGE. The tendency of certam genes to 
remam together from generation to genera 
tion, more frequently than would bo ex- 
pected on Simple Mendelian pnnaples, be 
cause they ore situated m the some chromo- 
some. 

LYMPH (L. lympha, water) a colourless bquid, 
containing corpuscles, circulating m the 
bodies of vertebrates. LviiniATics, the 
system of vessels which contain lymph 
MA31MAUA (L. mamma^ breast), the class of 
vertebrate anlmaJs which suckle their young, 
and possess hair 

ilEDUSA (Gr the Gorgon), a name 

gi\ea (0 the mam free swimming typo of 
Coelentente, the jelly fiih. (See Polyv ) 
MESENTERY (Gr ntcos, middle, ^rr^por, 


(codom) 

&r^OD£RM (Gr middle j/piio, 

skin), the middle of the three germ layers 
fortDM m the cirly dc>eJopment of most 
Metaroa From it are denved m higher 
forms, the muscles, the blood and orcnlatory 
system, the connective tissues, the coelom, 
the rep^uctjve organs, coelomoduct excre- 
tor> organs (e g \crtebrate kidne>i) and, m 
Ver tebrates and Echinodcrms, the skeleton. 

METABOLISM (Gr ^xna^oXr^ change), a 
general terra Including all the chemici pro- 
cesses which take place m a h>iag organism. 

METAMORPHOSIS (Gr nrranuf>i)UMTix, trans- 
fonnation), a relau%clv abrupt change m 
doelopmCTt from one phase to another with 
markedly different structure and mode of 
~ A“ « (q V ) to adulL 

• the processes in 

hich the Ctiro- 
\ -r *iiread like bodies. 

• < •. 

' • “ntable sxnatioa 

in an orginlsm, produced bj the action of the 


coLjse) the study of structure and form. 
yoTOR (L. rrotloo) (S« Errarxr ) 

mutation (L. r%uli.io change) a sport or 
s'ar^-ly which appears suddenly owing to a 


change in the hereditary constitution a 
variation in an organism which appears sud- 
denly and is inhented (see also Modifica- 
tion and Recombination) Most mutations 
affect smglo Gekes (q v ) , others are duo to 
the addition or subtraction of single cliromo- 
somes or sets of chromosomes. 

NEUROBLAST (Gr vtvpov smew, /SAaoros, 
germ), an embryonic cell of nervous tissue: 
one of the cells from which Nbubons (q v ) 
are formed. 

NEURON (Gr irvpop, smew) a cell umt of the 
nervous system a nerve c^ with all its pro- 
cesses, including the Axou (q v ) or nervo- 
fibro imnnging from it 

NOTOCrlORDfGr rturok- back, xop3»7, String), 
a rod of cells m all vertebrate embryos, which 
IS the precursor of the backbone, and which 
in some lower Chordates (e g Amphjoxus, 
Lamprey) persists throughout life. 

NUCLEUS (L. a kernel), a speciahzed part of 
the protoplasm in the mtenor of all typical 
cells , it IS nch m chromatin, and contains the 
chromosomes. It is essential both for meta- 
bolism and heredity 

ORTHOGENESIS (Gr hpe6K, straight, 
yv»v»tc, descent), evolution m a definite 
direction. 

OVUM (plural, Ova) (L. ovum, egg), a female 
game te or 

PARASITE (Gr rapatrirof. one who feeds at 
another's table) an animal or plant which 
lives and grows upon another living organism, 
and pm nothing in return 

PARASYMPATHETIC SYSTEM (Gr vopa, 
beside + lympatheti^ q v ), part of the 
AiTTOHOuic Nervous Svsteji (q v ) chiefly 
concerned in the stimulation of muides and 
glands connectwJ with vegetative activities 
uke digestion, rep r oduction, etc , and m the 
inhibition of processes concerned with violent 
action of the organism as a whole. (See 
SVMPATHmC.) 

PARATHYROID (Gr irapa beside -f thyroid. 


the thyroid, which controls the calaum 
metabolism of the body 
PERISTALSIS (Gr i^piOTf \A.j, I comtnet), 
rhythmic waves of contraction and relaxa 
Uoo of the involuntary muscles of the gut 
and other tubular viscera, which force the 
contents alon g the tube 
PHAGOCYTE (Gr to de\our, jrvToc, 

cell), amoeboid cells m the bodies of multi- 
cellular nnim.il^, which devouT foreign 
bodies. Including dead cells of the same 
oiganism, mtruoing bactena, etc. Phaco- 
cvTOsis the action of phagocjdes 
PHYLUM (plural, Phvla) j Gr <f.vAo« tnbe), 
one of the nuun groups or the Animal King 
dom, of which about twelve are recognized 
PHYSIOLOGY (Gr ^v<rio\oyja, an inquiring 
Into nature), the study of the functions of 
onranfsms. 

PirUTTARY BODY (L. pxiuits, mucu^), a 
small ductless gland at the base of the brain. 
It is divided Into anterior and postenor lobes. 
Tbe secretion of the anterior lobe appears to 
regulategrowth that of the posterior lobe to 
stimulate smooth muscle to cause amphibian 
pigment cells to expand etc 
PLACENTA (L. a flat cake) the organ in 
hl ^^hw mammals by which the embryo is 
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nourished and supplied vrith oxygen withm 
the mother’s body It is formed of interlock- 
ing maternal and embryonic tissue, m which 
embryomc blood vessels come mto dose con- 
tact {but not open communication) with 
maternal blood vessels. A somewhat similar 
arrangement is found in some sharks, 
PLASJIA (Gr nXaer^io, formative material), 
the fluid part of blood, blood minus the 
corpusdes. 

POLYP (Gr iroAiJirovs, many footed), a name 
ven to the sessile type of Oidenterate (e,g 
ydra, sea anemone, coral) on account of 
their nume rous t entades. (See Medusa.) 
PROPRIOCEPTOR (L. propniis, one's own, 
capZre, to take), receptor organs afiected by 
changes wittun the txidy (e.g altered bal- 
ance, dlSerences in muscular tension) 
PROTOPLASM (Gr Trpirrot, flrst, irAaoTto, 
form), “the phydeal basis or life" , the hving 
substance contained in organisms 
PROTOZOON (plural Protozoa) (Gr irpMrot, 
flrst , ammal), a unicellular anirnal. 
RECEPTOR (L. receiver), those organs whose 
function Is to be sensitive to sumulL (See 
Exteroceptor, Proprioceptor ) 
RECESSIVE. One form (aUdomoiph) of a 
hereditary factor whose efiects are masked 
by another (dominant) form of the same 
factor (See Doshsant ) 

RECOMBINATION A variation in an or- 
ganism produced by a fresh combination of 
existing hereditary factors. (See also Monin- 
CATiOK and Motatios ) 

REFLEX (L. Tc, back, flaitre, to turn), a 
movement which takes place independently 
of the will, as a result of stimulation and of 
predetermined connexions in the nervous 
system, the setting into action of an eSeclor 
organ, as a result of stimulation of a receptor 
organ, through predetermined paths in the 
nervous system. 

SECRETIN A secretion from the lining of the 
fntestlne which, conveyed in the blood, 
causes the pancreas to produce its external 
secretion, pancreatic juice. 

SECRETION (L, secemo, I set apart), (1) a sub- 
stance formed by the activity of a gland — 
e.g hue from the lis’cr gastric juice tom the 
wall of the stomach, saliva tom salivary 
glands, (2) the formation of such a sub- 
stance. 

SEGMENTATION (L. segmtnium, a cutting), 
dividing into parts. (1) segmentation of the 
egg" the division of the activated egg into a 
number of small cells or blastomeres, (2) 
metameric segmentation, the “cutting up” of 
the body of many higher metazoa into a 
number of parts, produced onginally by the 
redirohcatlon of the trunk region. 
SEGREGATION The clear-cut separation of 
the members of a pair of hereditary factors 
or genes tom each other before the forma- 
tion of gametes , separation of a pair of genes 
without mutual contamination. 

SENSORY (L. sntlto, 1 feek) (See Appzrevt ) 
SERUM (L. whey), a wateiy fluid that separ- 
ates from blood when it clots, 

SOMA (adjective. Somatic) (Gr aautr, body), 
the individual body of an organism as op- 
posed to the germ-cells, that part of the 
organism limited to its individual life as 
opposed to that part capable of reproduction. 


SPERMATOZOON (or Sperm) (plural 
Spermatozoa) (Gr oTrtpuo, sperm, fipoi, 
animal), the male gamete, when markedlj 
diflerent tom the female gamete Most 
sper ms ar e capable of active swimmmg 
SPHINCTER (Gr ffcjnyyui, I bmd ti^t), a 
circnlar band of muscle which can close an 
aperture by its contraction. E g the 
sphmeter of the pylorus of the stomach 
SYMPATHETIC SYSTEM (Gr with, 
trattov, sufiemig), part of the Autonomic 
Nervous System (q v ) chiefly concerned m 
the stimulation of muscles and glands con- 
nected with %-iolent actinties of the whole 
organism (e.g defence, attack, flight, etc.) 
and in the inhibition of vegetatlv e processes 
like dwestion. (See Parasympathetic ) 
THYMUS (Gr fli-not , soul), a glandular b^y m 
the neck region, of unknown function, de- 
nv ed tom the epitheilnm of certam gill slits. 
thyroid gland (Gr Ovpto'iSiji; shield- 
shaped), a ductless gland sltuat^ m the 
tout of the neck, and derived tom a pocket 
in the floor of the pharynx. Its secretion, 
thyroxin, (CnHiiO^NTj), accelerates the 
rate of metabolism, and causes the meta- 
morphosis of Amphibian tadpoles, 
TRACHEA (Gr Tpaxvv, rough), (1) in land 
vertebrates, the windpipe, (2) hi Insects and 
spiders, one of a numbCT of air-tubes which 
constitute the respiratory system, 
TRACHEOLE (dhninutive of Trachea), one 
of theultimate fine branchesof theTRACHEAS 
(3 v ) of Insects and other land Arthropods. 
Tracheoles may penetrate the interior of 
cells. 

UREA (Gr ovpoi', mine), a nitrogenous com- 
pound (CO,(NHj)j), the chief waste product 
discharged in mammalian unne. The first 
organic compound to be artificially synthe- 
sized. 

VASOCONSTRICTOR (L, vas, vessel, -hcon- 
strict), causing the contraction of blood- 
vessels. 

VASODILATOR (L. ras, s-essel, +~dilate), 
causing the expansion of blood-vessels. 
VASOMOTOR (L. vas, vessel, motor, mover), 
controlling the movements (contraction or 
expansion) of blood-vessels 
VEIN (L. vena), a v^sel which conveys blood 
tom the tissues to the heart, hlost venous 
blood is dark in colour as the result of the 
removal of oxygen by the tissues 
VERTEBRA (plmal Vertebrae) (L.jolnt), one 
of the cartilagmous or bony segments of the 
spinal column. 

VERTEBRATE An animal having a back- 
bone. The group of vertebrates includes 
cyclostomes, fish, anmhibia, reptiles, birds 
and mammal s. (See Chordates ) 
VESTIGAL (L. testtpum, trace), an organ 
which has become r^uced m the course of 
evolution until its original function is wholly 
losL E.g the hind limb of whales. 

VITAMIN (L. rifa, life , amine, one of the com 
pound ammonlas),“an unknown but essential 
acce ss or y factor of dleL” Several diflerent 
vitamins exist. Their absence leads to such 
diseases as ben ben, scurvv, etc. 

ZYGOTE (Gr fvyuror, joined together), the 
cell produced by the fusion of the gamefts in 
sexual reproduction. In Metazoa this is the 
fertilized ovum. 
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CHAPTER ONE 


INTRODUCTORY: THE MIND-BODY 

PROBLEM 

SPECULATIVE CHARACTER OF PSYCHOLOGY 

P SYCHOLOGY IS THE saence of the mind, it seeks, in other 
words, to give an account of the way m which the mind works 
Unhke other saences, however, it is concerned less with facts than 
with theones Chemistry, for example, presents us with a number or 
facts about the elements of matter, and arranges these facts m accord- 
ance with certam laws, nobody doubts that these facts are facts, or 
demes that the laws which the facts are said to exemplify Teally do 
apply to them So certain are saenosts about these laws that they are 
enabled by means of them confidendy to predict the occurrence or 
facts which do not yet exist They can tell you, for example, that it 
you combme two parts of hydrogen with one of oxygen the result 
will quite certainly be water And what is true of chemistry is true 
of all the saences m a greater or less degree But it is not true or 
psychology for the reason that m psychology there are no facts which 
everybody agrees to be facts, and, as a consequence, there are no 
universally accepted laws m terms of which the facts can be explained 
In other words, although you can say that a stone will fall downwards 
if you drop it from a wmdow, you cannot be sure that man wdl 
lose his temper if he sits on a pm, you cannot even predict that he 
wdl swear 

To put the pomt m another way, psychology stdl belongs very 
largely to the provmce of speculation We cannot say that the mmd 
works m this way or m that way; we can only wonder and propound 
theones about it, and on the great majonty of important questions 
there are several contradirtory theones This does not necessarily 
mean that psychology will never attam to certam and agreed know- 
ledge All the saences were bom mto the realm of speculation, they 
all, m other words, started life as philosophy. The anaent Greeli 
tvondered about the stars, about the properties of matter and about the 
functions of the human body, for them all these branches of mquiry 
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formed part of plulosophy So soon, however, as anyfbmg defimtc 
came to be known about these matters, they ceased to be philosophy 
and, under the names astronomy, physics and physiology, became 
saences in their own nght. 

Now psychology is m a transiaon stage In some very few respects 
It has attamed defimte knowledge and is entitled, therefore, to be 
called a saence, but with regard to the great majonty of the questions 
It studies It has still to emerge from the phase of wondering or 
speculanon What is more, and here we come to a very disturbing 
fact, whenever psychology does manage to obtam a piece of defimte, 
accurate and agreed knowledge, it turns out to be knowledge not 
about the rnmd but about the body Why is this? 

The discussion which an answer to this question mvolves, besides 
bemg mteresong m itself, iviU admirably serve the purpose of mtro- 
ducing our subject, and I propose, therefore, to occupy the remaining 
pages of this mtroducaon by mdicatmg as bnefly as I can what the 
answer is 

THE RELATIONSHIP OF MIND AND BODY 
It IS obvious that one of the most important things about the mmd 
IS Its relationship to the body Mmd and body are contmually mter- 
actmg m an infimte number of different ways Mmd influences body 
and body mmd at every moment of our wakmg life If I am drunk 
I see two lamp-posts instead of one, if I fail to digest my supper, I have 
a mghtmarc and sec blue devils, if I smoke opium or mhale mtrous 
oxide gas I shall see rosy coloured visions and pass mto a state of 
beantude These are instances of the influence of the body upon the 
mmd If I sec a ghost my hair will stand on end, if I am moved to 
anger my face will become red, if I receive a sudden shock I shall go 
pale These are instances of the influence of the mmd upon the body 
The examples just quoted arc only extreme and rather obvious cases 
of what IS gomg on all the time Many thinkers mdeed assert that 
mmd and body arc so mnmatcly assoaated that there can be no event 
m the one which docs not produce some correspondmg event m the 
other, although the correspondmg event, which we may call the 
effect of the fint event, may be too small to be noticed The mter- 
acnon betn cen mmd and body is, at any rate, a fact beyond dispute 
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Yet when we come to reflect upon the manner of this mteraction, it 
IS exceedmgly difficult to see how it can occur Mmd,* it is clear, 
must be somethmg which is immatenal, if it were matenal it would 
he part of the body. The contents of, or the events which happen in 
the min d — that is to say, wishes, desures, thoughts, aspirations, hopes, 
and acts of wdl — are also unmatenal The body, on the other hand, 
IS matter, and possesses the usual quahties of matter, such as shape, 
size, weight, density, mertia, occupancy of space, and so forth 

Now there is no difficulty m imderstandmg how one matenal 
thmg can be influenced by another Each possesses the same attributes 
of size, shape and weight, m virtue of which each can, as it were, 
communicate with or “get at” the other Thus a pavmg stone can 
crush an egg because the egg belongs to the same order of bemg as 
die stone But how can the pavmg stone crush a wish, or be affected 
by a thought^ Matenal force and mass have no power over ideas, 
ideas do not exert force nor do they yield to mass How m short can 
that which has neither size, weight nor shape, which cannot be seen, 
heard or touched, and which docs not occupy space, come mto 
contact with that which has these properties? 

Mmd and matter seem, then, to belong to two different worlds, to 
partake of two different orders of bemg, and the problem of their 
mteraction is the problem of the whale and the elephant raised to the 
nth degree In these circumstances the question immediately arises, 
“Is it really necessary when accounting for the operations of the 
human body to postulate the mtervention of mmd after all?” 

the working of the nervous-system 
Let us look at the question m a httde more detail Suppose that I 
place my hand upon the poker, find that it bums me and qmckly 
withdraw my hand What exacdy is it that has happened? The heat 
of the poker stimulates the terminals of the nerve cells m my fingers 
These nerve cells or neurones are m contact with other nerve cells, 
and a stimulus apphed to any one of them is accordmgly passed on to 
the next. The machmery of transference is as follows. Each nerve 
cell has a number of filaments attached to and extendmg ftom it 


•It important to emphasize the fact that the word "mind" does not mean the same as the 
word “brain** , the brain w material 
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These filaments are known as dendrites One filament is considerably 
longer and finer than the others, and is known as the axon, and it is 
through the axon that the stimulus or impulse passes through to the 
next neurone or nerve cell m the cham The pomts of contact between 
the axons, known as synapses, act like valves , that is to say, they let the 
stimulus or impulse pass m one direction only, it is not allowed to 
return on its track The central part of the nervous-system, forrmng a 
sort of highway along which all impulses pass, is the spinal cord. 
Travelling by this road the heat stimulus to the nerve cells m my 
fingers reaches the bram Here it enters a compheated system of tiers 
and layers of neurones These tiers or layers act as the clearing houses 
of the nervous-system, sortmg out the different messages received 
fi:om all parts of the body, and determimng which of them shall be 
passed on for the purposes of action Passmg on a stimulus for the pur- 
poses of action means transfemng it to another system of neurones, 
known as the effector nerves or motor nervous-system, which govern 
the movements we make, as opposed to the receptor nerves or sensory 
nervous-system, which receive and transnut the sensations we feel 
Assummg that the brain has dcaded to take action m respea of the 
stimulus from the poker, it lets the stimulus' pass through to the 
neurones composing the motor nervous-system, these m their turn 
pass on the stimulus received finra the bram to the fingers, as the 
result of which the latter are withdrawn firom the poker The whole 
procedure may be likened to sending a message from the fingers to 
the bram m response to which another message is sent back to the 
fingen Now the processes mvolved m the sending of these messages, 
compheated as they appear, seem, nevertheless, when we look at 
them from the pomt of view of the body, to be purely automatic It 
IS like putting a penny mto a slot machme and takmg out a box of 
matches Nor docs it appear to be necessary to mtroduce a nund or 
consaousness at any stage of the process to cxplam what it is that hap- 
pens or why it happens It may be true that we feel the heat of the 
poker, and that the fechng is a psychological or mental, as opposed 
to a physiological or bodily event, but it may also be true that the 
feehng has nothmg to do with the \vithdrawal of the fingers, which 
IS a purely automatic result of the apphed stimulus 
I hav e dchberatcly taken the simplest posnble case, and one m which 
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the actioa of the body is, od any view of the mind-body relationship, 
as nearly automatic as it is possible for it to be But if we can explain 
some of our actions, however simple they may be, without mtroduc- 
ing this mysterious tlung mmd, may it not be possible that the same 
sort of explanation, enormously comphcated, of course, but stdl con- 
fining Itself purely to bodily terms, might be mvoked to account for 
all our actions^ In any event should we not m the interests of saence 
leave no stone unturned m order to make it do so, hopmg that an 
increase m knowledge about the body will cause the gradual dis- 
appearance of many difficulties-which at present beset the attempt to 
explam, not only action but thought m bodily terms? 

Since tbis is the fundamental problem of all psychology upon which 
modem psychological controversy very largely turns, let me try to 
put the pomt m a somewhat different way. 

Let us suppose that m the diagram abb'c 
isa circle which roughly represents the pass- 
age of a stimulus or impulse round the ner- 
vous-system The stimulus is apphed to a 
(the fingers), and passes mto the brain at B 
I have marked off a defimte segment of the 
circle firom B to b' to mdicate the fact that 
there is a defimte passage through the bram, 
the pomt at which the impulse leaves the 
bram at b' bemg different firom that at 
which It enters at B This is a passage through 
exceedmgly comphcated tiers of neurones 
which apply a process of sifting or sorting 
to the impulses received, with a view to determmmg which of them 
shall he passed on to the motor apparatus for action. The part of the 
circle firom b' to C represents the motor or effector apparatus, c bemg 
agam the fingers, or m other words the pomt at which the motor 
impulse travelhng down to c causes us, as we say, to take action. 

Now the pomt at issue among modem psychologists is this- is the 
passage of an impulse round the nervous-system a passage which can 
be completely desenbed at every stage m physiological terms, suffia- 
ent in itself to explam what happens whenever the organism feels and 
acts’ If It is, then we may think of bodily actions on the analogy of 
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the movements of water in a full reservoir One pipe leads mto the 
reservoir, another out of it, whenever, therefore, fresh water comes 
in through the first pipe, it wiU cause an overflow of water which will 
be dramed ofi" through the second The process is a purely automatic 
one and takes place m accordance with physical laws Whenever, m 
other words, a stimulus is apphed at one end of the cham, then the 
appropnate reaction will occur at the other 
If It IS not, then we must assume that this nervous cham is broken, 
that when the impulse reaches the first B, it leaves the bram altogether 
and passes out of the circle mto somethmg of an entirely difierent 
nature from b, which we will call d, the mmd How this occurs we do 
not know, but, if it does occur, the result will be, first, that we shall, 
as we say, be aware of or feel the stimulus, secondly, that this aware- 
ness or fcelmg will be a purely mental event not exphcable m bodily 
terms, and thirdly, that havmg experienced it, the mmd may or may 
not deade to give efiect to the stimulus by mstructmg the bram to set 
the nervous-system to work to remove the fingers The nervous- 
system will m the former event begm to work agam — mdeed, it must 
operate if action is to follow — but it wfll come mto operation after a 
break, durmg which the body has ceased to function and somethmg 
which IS not die body has taken charge 

THE ALTERNATIVE EXPLANATION 

This, puttmg the pomt very crudely, is the other alternative, and it 
involves a hypodiesis, the hypothesis of the existence of a mmd, of 
somethmg, that is to say, which is not of the same order of bemg as 
the body, which all those who arc dissatisfied with the matenahst 
view must m some form or other adopt In favour of it there is the 
obwous fact that we do not seem to be the mere slaves of our bodily 
snmuh, slot machmes which, when the penny is inserted, work 
because \\c must, but appear to be endowed with a power of choice, 
in wrtuc of \\ hicli we can deade whether or no we shall obey them, 
and if we do, m what way If, for example, I am hangmg on to the 
edge of a prcapice with one arm and a wasp stmgs my hand, I shall 
probably not vuthdraw the hand, m spite of the stimulus which it has 
rcccn cd Facts of this sort arc difficult to cxplam without mtroducmg 
mmd An explanation can mdeed be given m phj'siological terms, but 
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It is exceedingly complicated and has the appearance of merely push- 
ing the problem further back. 

We can say, for example, that another set of impulses stimulatmg 
the fingers to retain a tight hold of the preapice edge is already in 
command of the effector nerves leadmg to the arms, that these nerves 
cannot, therefore, be utilized by the withdrawmg impulses unless the 
holding-on impulses are first ousted, that two sets of impulses are, 
therefore, m competition for the use of the effector nerves, and that 
the nervous centres in the cleanng house of the bram detenrune which 
of the two sets shall employ the efiector nerves, by getting control of 
what IS known as the “final co mm on path.” But is this dete rmining 
process a purely automatic one, dependmg on the relative strength of 
the two sets of impulses; or does it not m itself presuppose a mental 
act of decision which instructs the cleanng house m ^e bram which 
set of impulses to let through and which to keep out^ 

The mental hypothesis is beset "with the gener^ difficulty to which 
I have already referred — the difficulty, namely, of conceivmg how 
what IS non-matenal can aa on matter 

The next two chapters will be concerned with the elaboration of 
these two alternatives In Chapter Two I shall consider vanous forms 
of the materialist psychology — that is to say, of that kmd of psy- 
chology which, smce it endeavours to explam everything that hap- 
pens without mtroducing a mind, is not really psychology at all but 
physiology In the third chapter I shall consider the objections to this 
mode of mterpretation, objections which, if they are valid, lead to the 
view that we cannot explam the facts of psychology without brmgmg 
m the mmd 

WHY PSYCHOLOGY IS CONTROVERSIAL 
Besides servmg the purpose of providing a general survey of the 
ground to be covered, the above discussion enables us to answer the 
question which we raised at the beginning of the chapter — the ques- 
tion, namely, why it is that psychology stdl belongs in the mam to 
the realm of speculation and hypothesis rather than to that of exact 
saentific knowledge. 

That this must necessarily be the case, so long as the fimdamental 
quesuon of psj'chology — the question whether there is a mmd to 
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Study — remains controversial, is obvious But there is a further speaal 

reason for the mexact character of psychological knowledge 

Returning for a moment to the diagram given above let us pre- 
suppose the truth of the mental hypothesis, and assume, accordingly, 
that the stimulus on reachmg a leaves the circle of the nervous-system 
and causes or becomes a set of occurrences of an entirely difiercnt 
order, occurrences which we call feehngs ofpam, shock, or warmth, 
which happen m the min d (d) It wdl still be the case that with regard 
to these mental occurrences, feehngs, emotions, and sensations, we 
shall be able to affirm practically nothing which is at once exact, 
defimte, and generally agreed The nature of the emotions and feel- 
mgs, for example, is, as will be seen m a later chapter, one of the most 
controversial subjects m psychology What is true of the emotions or 
feehngs is equally true of all mental events It turns out, m fact, that 
when we do obtam exact and reasonably ccrtam knowledge of the 
V, orkmgs of that compound whole which is partly mind and partly 
body, It IS knowledge about the bodily side of it. 

About the parts of the arcle which he between A and b, and b' and 
c, we are actively mcreasmg our stock of detailed sacntific knowledge 
Wc can mampulate the nervous-system m various ways m the con- 
fident expectation that such and such results will follow But the part 
of the process represented by the hncs bd and dbr' is still shrouded m 
obscunty, and it is doubtful whether we shall ever be able to give an 
exact account of it. Certainly we cannot do so yet, a fact which many 
regard as constitutmg a strong argument for cutting out d altogether 
This IS what is meant by saying that psychology, so far as it deals 
V ith facts, so &r, that is to say, as it is saentific, is not psychology at 
all but phj'siolog)' 



CHAPTER TWO 


THE MIND AS AN ASPECT OF 
THE BODY 

I PROPOSE IN THIS chapter briefly to outUne those theones of 
psychology which, seek to interpret the facts of human consaous- 
ness and behaviour without postulatmg the existence of a distmct and 
unique entity called mind. By the word ixund I mean something 
which is not matenal, which is not, therefore part of the body, and 
which does not obey the laws of chemistry and physics which the 
body obeys; in this sense all the theones with which we shall be con- 
cerned may be called matenahst Some of these theones do mdeed 
admit the possibiltt^ of the existence of mmd m the sense descnbed, 
but they nevertheless affirm that, if it does exist, its only function is to 
be aware of events that occur in the body It does not imtiate these 
events nor does it control them, it merely registers them, what we call 
a thought or a feeling bemg a mental reflection of a disturbance in 
the bram or the body 

Theories of this latter type may also be classed as matenahst, smce, 
in denymg to the mmd any directive or creative function, they do m 
fact assert that the important thmg about the mdividual is his body, 
implymg thereby that his thoughts and behaviour will ultimately be 
found to be exphcable m terms of the laws which govern matenal 
bodies — that is to say, the laws of physics and chemistry. 

We arc concerned , then, with the view ofhuman psychology which 
says “Either there is no such thmg as mmd, or, if there is, then every- 
thmg which happens m the mmd is a mere reflection of somethmg that 
has first happened m the body ” This view was very widely held m 
the nmeteenth century, and is advocated by many psychologists m a 
somewhat difierent form today We will consider fet its nmeteenth- 
century form 

nineteenth-century view of mind 
It must be remembered that the tendency of nmeteenth-century 
saence was to behtde m every direction the importance of the part 
played by mmd m the scheme of the umverse The work of Darwin 
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had been used as the basis of a conception of evolution, in which the 
advance ofhfe &om the primitive amoeba to the fully developed man 
was desenbed and accounted for without postulating the mtervention 
of nund at any stage of the process It was to vanations m speaes, to 
the fact that oflsprmg did not entirely reproduce the characteristics of 
their parents, that the development of life was due, and, when pressed 
for an explanation of the question how and why these vanations 
occurred, Darwm confessed to a complete agnostiasrm Theyjust hap- 
pened, fortiutously it must be presumed, and those which were suited 
to their environment survived The only other theory m the field, 
that of the French matenahst Lamarck, asenbed the ongm of vana- 
tions to the influence of environment. The environment changed, 
and the speaes ather adapted itself by changmg with it, or paid the 
penalty for its inabihty to do so by extinction In any event the process 
was automatic, the movement and development ofhfe was due not 
to the fulfilment of a purpose, or the execution of a plan, but to the 
influence of external material conditions upon hvmg organisms For 
the root cause of vital occurrences we must, m short, look to changes 
m matenal conditions 

Geology and astronomy reinforced these conclusions Geology had 
enormously extended the age of the world, astronomy the size and 
spread of space, and m the vast immensities of geologic time and 
astronormc space life seemed like a tiny glow flickenng uncertainly, 
and ultimately doomed (when, for example, the sun grew too cold to 
mamtam smtable conditions upon the earth) to go out altogether 
Life, tlien, was a chance occurrence m a fundamentally mmdless um- 
versc, a passenger across an alien and mdifierent environment, destined 
to finish its pomdessjoumey with as htde noise and significance as, m 
the person of the amoeba, it began it Meanwhile it would continue to 
be at the mere}' of material forces, changes m hfe would reflect and be 
conditioned by pnor changes m matter, and hvmg organisms, instead 
of bemg the cause of physical events, would merely register their 
occurrence 

It will be seen, therefore, that the tendency to reduce the status and 
importance of imnd, to subordmatc it to matenal forces, and to think 
of causauon as proceedmg always fi’om the more matenal to the less, 
\\ as already m the air, and contemporary psychology merely earned 
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It to Its logical conclusion Among the infimte permutations and com- 
binations through which the forms of matter had passed m the course 
of Its evolution, there had occurred one m which, so psychologists 
argued, matter had become consaous of itself It was this self-con- 
saousness of matter that was called mmd Mmd, then, was a highly 
refined and attenuated form of matter, a sort of halo surrounding the 
bram Its function was to hght up the events occurring m the brain, 
and when this illumination occurred we were said to be consaous of 
the events 

MIND AS A REFLECTION OF THE BRAIN 

The function of the mmd bemg limited to hghtmg up or registenng 
events occumng m the bram, it is dear that it cannot register what is 
not there; it follows that there can be no event m the mmd unless there 
has been a precedmg event m the bram Mental events are, therefore, 
never the cause but always the efect of bodily events We are all 
femihar with the kmd of mterpretation which explains mental occur- 
rences with remarks such as, “I have been walkmg m an east wmd 
which has given me a headache and made me depressed” , or, “I have 
been drmkmg heavily all my hfe and am begmnmg to see thin gs” — 
explanations which account for what occurs m the mmd m terms of 
what has first occurred m the body, and it is precisdy this type of 
explanation which was now extended to cover wiUmgs, wishmgs, 
thihkmgs, hopmgs, and remembermgs, m a word all the workings of 
the mmd Hence just as m the umverse outside, so also withm the 
mdividual organism causation proceeds always from the more 
matenal to the less 

Man IS the creature of external forces, and his mmd is the creature 
of his body; just as changes m man’s body are due to changes m the 
. environment to which he reacts, so also are changes m his mmd due to 
his boddy reactions to his environment. Thus the cham of physical 
causation, firom the stirrings of life m the first speck of protoplasmic 
jelly to my thoughts as I am writing this book, may be regarded as 
complete Many links have still to be established, it is, for example, at 
present only possible m a very few cases to say how and m what way 
the body determmes the workmgs of the mmd, but the filling m of 
detail is simply a question of further research, the mam outlmes of the 
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picture are already suffiaendy clear enough to he comprehended 
It IS obviously impossible withm the hmit of a short chapter to 
mdicate all the ways m which physiological psychology seeks to fill 
m the details, m its attempt to explam min d action m terms of boddy 
action I propose, however, to give a few instances of explanations of 
mental happenmgs that have m fact been advanced, m order that the 
reader may form for hims elf an opimon on the practicabihty of the 
attempt I will choose as examples physiological accounts of the emo- 
tions and the wdl, and then devote a few pages to a bnef descnption 
of the so-called Behaviounst psychology, which dispenses with the 
conception of consaousncss altogether 

THE EMOTIONS 

A celebrated theory of the emotions which admirably illustrates the 
matenahst attitude to psychology is that propounded by the psy- 
chologist William James m collaboration with Professor Lange The 
generd standpomt of Wilham James was not by any means identical 
with that of the matenahsts, but it so happens that his theory of the 
emodons fits very well mto the matenahst framework. 

To the plam common-sense man his emotions appear to be aspects 
of his psychological bemg, which are called mto action by the percep- 
tion of an external situation which, as we say, arouses them If we see 
a ghost, we feel frightened, if we sec a child torturing a kitten, we feel 
mdignant The emotion is m each case thought to be, as it were, per- 
manendy there, even when it is latent, a sort of contmumg factor m 
our psychology, waiting for the appropnate situation to call it into 
action It was this kmd of conception, which we may call the ordinary 
view of the emotions, that the James-Lange theory demed Its authors 
were sceptical of the existence of these emotions as separate psycho- 
logical entities, did they, for instance, exist when they were not active, 
and if so, where’ 

Their view very hnefly was that an emotion was the perception of 
a ph)'siological change m ourselves For example, it is found that when 
\\c feel the emotion of fear, some glands situated on the kidneys 
known as the adrenal glands, discharge a certam amount of fluid 
secretion, which m its turn produces important changes m the tensions 
of die muscles and m the blood, resulting m mereased rapidity of 
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heart-beat and dilatation of the pupils. The awareness of these bodily 
occurrences constituted, according to Wilham James, the emotion of 
fear Now the question at issue between the exponents of the James- 
Lange theory and those who adopt what I have called the common- 
sense view IS simply this* Does the fear emotion precede and cause the 
gland excretion, or does the gland excretion precede and cause the 
fear emotion? 

Many experiments have been made with a view to testing the con- 
clusions of the James-Lange theory, but unfortunately no way has 
been found of setthng the question at issue m a manner which is satis- 
factory to both parties All that the facts entitle us to say is that the 
bodily event and the mental event are found m mvanable accompam- 
ment Our view as to which precedes and causes which will depend 
upon our general attitude to the mmd-body problem. When James 
said that an emotion was simply a mental awareness of a preceding 
physiological event, he was mvokmg that conception of the mind 
which regards mental activity as bemg always a reflection or register 
of precechng bodily activity, to which we have referred As he puts it, 
“We feel sorry, because we cry.” If there occurred neither tears nor 
any of the other physiological accompaniments of sorrow, we should 
not feel sorry. 

INSTINCT IN ANIMALS 

Modem materialists are mchned, it is true, to doubt whether the mere 
occurrence of a bodily disturbance is in itself suflSaent to cause the 
emotion. They are mchned to say that \}ie first thing that happens to 
us when we see a tiger is an instinctive adaptation to the situation, 
which takes the form of physical flight This instinctive adaptation 
results m modifications of the heart-beat, ofthebreathin^, andso forth, 
which are designed to facihtate flight, and it is our awareness of these 
modifications which is the emotion of fear. In other words, the begm- 
ning of the whole cham of events which ends m the emotion is an 
instinctive tendency to act m a speaal kmd of way The question of 
whether this instinctive tendency is itself exphcable on matenahst 
hues raises the further question of the nature of mstinct in general with 
which we shall deal m a later chapter. For the present it wiU be suffici- 
ent to pomt out that, even if we assume an instinct to be the first cbam 
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m the sequence of events which ends in emotion, there is no insuper- 
ahle obstacle m the way of a physiological account of the ongm of 
instinct. So much, at least, emerges from a consideration of animal 
psychology 

ANIMAL PSYCHOLOGY 

We may perhaps take this opportumty of mentiomng the fact that it 
IS to anim als rather than to human beings that psychologists have 
mcreasingly directed their attention m recent years The processes of 
an anim al’s imnd are simple and their connexion with bodily stimuh 
is easier to detect, moreover nobody wishes to think that animals are 
either virtuous, reasonable, or aesthetic, and there is accordmgly less 
danger when deahng with animal psychology that the acceptance of 
theones, which have nothing to recommend them but their truth, 
will be prej udiced by the consideration that they presuppose a gloomy, 
a low, or a pessimistic view of animal nature Researches mto the 
nature of instmct in animals have shown that many instincts of first- 
rate importance are dependent upon, if they are not entirely con- 
ditioned by, physical stimuh For example, the French psychologist 
Giart has shown that the instinct of maternal affection m the hen, 
instead of ansmg spontaneously at certam penods in the hen’s life 
cycle, as, for example, when she is about to sit, is dependent upon, if 
It IS not identical with, the occurrence of local inflammatioru It is the 
local inflammation which causes the hen to sit upon the eggs m order 
to allay it, and if suitably irritated with pepper m the appropriate 
places the most unbroody hen will develop mto an excellent foster 
modicr Even if, therefore, there is a psychological entity m the hen 
of the land known as the maternal instinct, it is merely a reflection of 
a prccedmg bodily disturbance, just as an emotion, if it is a mental 
event at all, reflects and depends upon a number of such bodily 
disturbances 

THE WILL 

The will appears to constitute one of the greatest obstacles to a 
matenahst mterpretation of psjxhology It seems to be the most 
spintual kind of faculty wc possess — that m virtue of which we arc 
not only distinct from matter, but even m some respects able to 
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dominate it When, for example, we deade to perform so simple an 
action as lifting our nght arm over our head, we seem to be not so 
much the servants of matter actmg m response to physical stimuh, but 
rather to command and dormnate it, and to command it m virtue of 
our bemg m some sense free. To be free means to be exempt from the 
law of cause and effect, to be able, m other words, to exert our wiUs 
spontaneously and on our own mitiative, without there being any- 
thing to cause us to do so How can this feehng that we undoubtedly 
have of freedom from matenal causation be explamed on matenahst 
hnes? 

Although we cannot prove that m all cases m which we appear to 
will and to wdl freely we are simply reacting to boddy stimuh, we 
are nevertheless able to show that by applying appropnate stimuh we 
can cause people to have experiences which are exactly similar to the 
expenence of w illin g freely 

I mentioned m the first chapter the fact that the parts of the nervous- 
system which govern the movements of our hmbs, are dominated by 
certam tiers of nerves m the bram which act as cleanng houses, and 
detemune which of our impulses shall be passed on to the motor 
nervous-system for the purposes of action These cleanng houses are 
called assoaation centres, and they discharge the impulses which are 
bemg “let through” mto what are called the exato-mctor centres, 
which form part of the cortex or outside surface of the bram These 
he m a band roughly from ear to ear over the top of the head Now if 
these centres are stimulated with a mild electnc shock, they transmit 
impulses along the motor neurones and the patient moves his hmbs 
This, It might be said, does not prove anything It is common know- 
ledge that if the appropnate stimulus is apphed to certam parts of the 
body, an automatic movement of the hmbs wiU result, if, for exam- 
ple, the legs are crossed and the upper leg is gently struck below the 
knee-cap with the side of the hand, the foot wiUjerk upwards, if you 
are unfortunate enough to get a fly mto your eye, you wfll immedi- 
ately close your eyehd Actions of this type are called reflex actions, 
they are purely automatic, and they have nothmg to do with the 
exercise of the wdl This is true, but the surpnsmg fact about the 
electncal stmiidation of the exato-motor centres is that it causes m 
the patient not only a movement of the hmbs but the feehng chat he 



402 THE MIND AND ITS WORKINGS 

IS moving his limbs voluntarily, it seems to him, m short, that he 
has willed to move them If, then, it is possible to cause a mental 
experience inseparable from what is called wilhng by the apphcation 
of a physical stimulus to the bram, may it not be true that acts which 
are c^ed &ee 'wiU always be found to have some physiological cause, 
m which event they cannot really be free? 

CONSCIOUSNESS AND THE SELF 

It might well seem that consaousness is the most mdubitably mental 
dung about us, the very source and centre of our mental life, and that 
It would prove, therefore, most mtractable to the physiological 
method of treatment of which we have been givmg instances m this 
chapter Many thinkers have, mdeed, so regarded it, basmg upon the 
fact that the one dung m the umverse of which we are most certainly 
aware is our expenence, an expenence which is both mental and con- 
saous, what are called Idealist theones of reahty It is nevertheless 
possible to approach consaousness, m common with all other mental 
phenomena, from the physiological standpomt This method of 
approach yields somewhat startling results, many physiologists, from 
Wdham James onwards, havmg been led to doubt the very existence 
of consaousness as anmdependent, separate item of our mental make- 
up I will try very bnefly to mdicate the reasons for this sceptical 
attitude to consaousness 

In the first place consaousness is somethmg which is supposed to be 
possessed by or to belong to the self Yet this self m which consaous- 
ness resides is a somethmg of which we have no knowledge, and 
whose very existence is a hypothesis Try as we may to discover the 
self, we never succeed m trackmg it down, what we do come upon 
when we endeavour to realize the self, is, as the philosopher Hume 
pom ted out, a somethmg which is willmg, a somethmg which is dcsir- 
mg, a somethmg which is thmkmg, or, m the particular case m ques- 
tion, a somethmg which is wondermg whether there is such a dung 
as a unified self and trymg to discover it. Now there is nothmg to 
show that all these “somethmgs” are the same dung, there is nothmg 
to show even that they belong to the same dung, or that there is a 
umty behmd them all, bmdmg them together, yet m some sense other 
than dicj We meet, m other words, with wiUmgs, desirmgs, and 
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thinkings, but never with the self which wills, desires, and thinks 
Now It IS precisely the same difficulty which confronts us when we 
try to track down consaousness, for the reason that consaousncss is 
the chief characteristic of this hypothetical self We meet with 
thoughts, feelings, and desires to which the quahty of bemg consaous- 
attaches, but we never discover a umty which is an entity called con- 
saousness, which IS other than and m a sense the source of the consaous 
thoughts, feehngs, and desires, such that, even if, at a given moment,, 
there were no consaous thoughts, feehngs, or desires actually occur- 
ring, we could nevertheless affirm that consaousness as a separate 
thing or entity would stiU persist But although we do not find con- 
saousness except m so far as we expenence thoughts, feelings, and 
desires, to which the quahty of bemg consaous attaches, we do find 
thoughts, feelings, and desires without any such quahty attached to 
them, a fact which seems to suggest that consaousness is not after all 
an important, permanendy contmmng dung, without which our 
mental hfe could not go on, but an madental casual sort of phenome- 
non which may or may not attach to our mental acts without making 
any perceptible difference to them 

Thus m or din a r y daily life it is a common expenence to discover 
that we have been perceiving all manner of things of which we have 
not at the time been consaous If, for example, I suddenly begm to- 
attend to what hes withm my field of vision, concentrating particu- 
larly upon what hes at the edge of the field, I find that I am seemg far 
more than I am ordmanly aware of seemg, dust on a book, a splash of 
ink on the desk, and so forth. Yet smce my field of vision has not 
changed, I must infer that in some sensei have been seemg these things 
all the time, before, that is to say, I became consaous of them It is 
clear, then, that it is by no means necessary for a mental experience, 
as constituted for example by an act of seemg, to be consaous m order 
that It may take place 

Now It has always been realized that many of our actions are per- 
formed unconsciously, as, for example, the arculation of the blood, 
the growing of hair and nails, the balancmg of the body, or the mak- 
mg of a habitual gesture, but it has also usually been held that these- 
actions are sharply distinguished from those wbch are normally 
regarded as consaous Thus the activities of a human bemg are often 

M S T — O 



404 THE MIND AND ITS WORKINGS 

divided into those of which he is consaous and those of which he is 
not Now one of the most mtcrcsting things about a good deal of 
modem ps) chology is that it proceeds as if this difference did not 
exist It endeavours, m other words, to mterpret and dcscnbe all the 
things we do and think without mtroducmg the concept of consaous- 
ness at all Those who approach psychology in this way are called 
Bchaviounsts 


THE BEHAVIOURIST PSYCHOLOGY 

(i) Our Knowledge of Ourselves — In order to see how they arnve at 
this position. It IS necessary to consider what are the ways m which 
we know what is gomg on m a person's mmd They arc two mtro- 
spection and observation Of these two methods mtrospection is 
denounced by the Behaviourist as being faulty and mislcadmg Intro- 
spection can be apphed to ourselves, yet it is extraordmary how 
maccuratc and unsatisfactory are people’s accounts of their own 
experiences Ask a dozen men confronted with a “certam situation” 
to desenbe to you what it is that they are seemg, and each of them 
iviU give you a different account* What is more, so far from a man’s 
capacity for mtrospection bemg unproved by traimng the more 
trouble he takes to find out exactly what his consaous processes arc, 
the less hkely is he to succeed The reason for this apparent paradox 
IS simple enough , it is that the tramed observer knows what to expect 
For example, die naturalist takmg a walk, vnll sec more than the 
ordmary country walker, because he knows what to look for and 
where to look for it while saenosts, as is well knovwi, progress by 
the method of mtelhgent expectaaon, which is merely another name 
for inspired guessmg But the capaaty for mtelhgent expectanon. 


•At a Pfvcholopy Congress bdd at GdlUagcn a clcmn suddenly burst Into the Congress ball 
clo'cly pursued b> a negro The negro caught h!m , leapt upon him, and bore him to the floor 
^bere a fight ensued, s\bJch was ended by a pistol shot, a/ter which the clown got up and rushed 
out of the room, still closely pursued by tbe negn:} The whole scene, nhich had been carefully 
rehearsed and pbolographcd in advance took less than twenty seconds The President then 
informed the Congress that judicial proceedings might have to bo taken, and asked each member 
to write a report, stating exactly nhal had occurred. 

Forty reports were sent in. Of these, one only contained less than twenty per cent of mistakes 
in regard to the pnndpaj facts fo ur teen contained from tw enty per cent to forty per cent mistakes , 
thirteen contained more than fiftj percent mistakes. In twenty four, ten percent of the details 
record*^ were pure i4^*entions. In short, ten of the accounts were quite false, ranking as myths 
CT Iei:ends, twenty four were half I-Tjcndary, and six only were even approximately exact — From 
Oftnion, by Walter Uppmann. 
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while constitutmg a valuable asset to the physicist or the physiologist 
who IS studying a subject-matter which is not affected by the expecta- 
tions he forms of it, is a drawback to the mtrospective psychologist. 
When It IS your own mind which you are mvestigating, the objects 
at which you are lookmg form part of and belong to the very instru- 
ment with which you are looking at them, it is to the rmnd that you 
are lookmg, and it is with the mmd that you look The result is that 
It is exceedmgly difficult to avoid seemg what you expect to see And 
the more psychology you know, the more certainly will you find 
what you expect to find, with the result that mtrospection has been 
chiefly used to provide psychologists with data for the theones of 
mmd m the mterests of which they resorted to mtrospection. Results 
of this kmd are of course completely unsaentific, and have led many 
thinkers completely to deny the value of mtrospection as a method 
of obtammg information about the mmd 

(u) The Observation of Behaviour — ^The demal of the vahdity of 
mtrospection as a psychological method is the startmg-pomt of the 
Behaviourists Observation, and observation alone, is, m tlieir view, 
the method which a saentific psychology wiU consent to pursue, and 
much of the uncertamty of psychology m the past is said to have been 
due to the neglect of a proper saentific approach to the subject. 

Now we cannot observe mmd or consaousness, we can only 
observe actions Actions, therefore, m the widest sense of the word, 
ficom the raismg of a limb to the secretion of flmd by a gland, are 
regarded as the proper subject-matter of psychology, and are studied 
as such by the Behaviourists As for mmd and consciousness, we do 
not at this stage positively say that there are no such thin gs, but, if 
there are, it is qmte dear that we can know nothing about them, we 
will confine ourselves, therefore, to actions or behaviour and see how 
far our mterpretation of psychology m terms of behaviour wdl carry 
us. 

Starting firom this standpoint the Behaviourist proceeds to a study 
of the observable responses which different situations exate m hvmg 
organisms, and corrdates his observations imtil he can present us with 
a fairly exact and extensive picture of the mterconnexions between 
diese situations and the responses they call forth It is surpnsmg how 
much of our psychology, mcludmg even the workmgs of the ^eged 
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mind Itself, is found to be expbcabic on the stimulus-response basis 
I cannot attempt withm tbc limits of tins chapter to give even the 
bnefest account of the enormous amount of experimental work that 
has been earned out m this direction It wiU be desirable, however, 
to desenbe m some httle detail one set of experiments and the con- 
clusions that have been based upon them, m order that the reader may 
understand the way m which the Behaviourist goes to work The 
experiments m question are those assoaated with what is called the 
conditioned response 

(m) T7ie Condtitoned Response — A dog is tied up m a dark cabmet 
m which he is screened, so far as possible, from all outside or distract- 
ing influences Food is put before him and his mouth begins to water, 
the stimulus of the food causes, m other words, a response which takes 
the form of excretion by the sahvary glands This is called an uncon- 
ditioned response to an unconditioned stimulus The next time that 
food IS put before the dog, a particular note is sounded, and this is 
done on each of a number of succeeding occasions, the food always 
being accompamed by the sounding of the note After a time the 
note IS sounded alone, whereupon it is found to cause the sahvation 
which m the fint mstance was exated by the food In other words, 
the sahvation response is now produced by a new stimulus, which has 
come to be assoaated with the ongmal stimulus through constantly 
accompanying it Sahvation m response to the note is called a con- 
ditioned response to a conditioned stimulus Practically any stimulus 
which IS apphed suffiaendy often m conjunction with the food 
stimulus can be conditioned m this fashion This is true even of a 
painful stimulus Let us suppose that the dog is severely pricked when 
the food IS put before him, and is later pricked m the same place 
without the food, instead of causing symptoms of pam and fright, 
the pnek will now merely produce abundant sahvation. 

Two pomts about this mterestmg senes of expenments may be 
noticed In the first place the conditioning of the note alone as a 
stimulus to sahvation only takes place if the note has been sounded 
immediately pnor to or at the same time as the presentation of the 
food, if the note is struck after the food has been presented, it does not 
become conditioned Secondly, the cficctivcncss of the stimulus of 
the note when sounded alone in produemg sahvation only lasts for a 
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certain period; if the note is sounded without the accompaniment of 
the food too firequendy, it ceases after a time to produce sahvation. 

The physiological eicplanation of these occurrences is difficult, nor 
IS it stncdy relevant to our present purpose. Bnefly it is held that the 
constant arrival of the food impulse and the note impulse together 
tune up two sets of neurones m the particular centre which receives 
them, so that both the neurones which are stimulated by the food 
impulse and those stimulated by the note are, to use a metaphor,keyed 
at the same pitch Each set of neurones remains tuned up to this pitch 
for some tune after the stimulus has ceased, with the result that ather 
set IS able, when stimulated, to discharge its impulses along the paths 
of the other. They can, m other words, exchange the impulses they 
receive and the motor actions which the impulses prompt. Next time, 
therefore, that ather of the stimuh recurs, it finds both sets of neurones 
tuned to recave it, and in stimulating the one set is enabled at the 
same time to send a tram of impulses down the other — ^that is to say, 
m the case m question, the note impulse sends a messj^e down the 
neurones which determme the activity of sahvation. 

Now what can be done with dogs can be done also with human 
bemgs; but owing to the grcata complexity of the human nervous 
system and the difficulty of segregating the human being ftom all 
otha distracting stimuh, it is much harder to establish the connexion 
between stimuh upon which conditioning depends Experiments are 
most successful with small children For example. Professor Watson, 
the founder of Behaviourism, reached some mtaesting conclusions 
with regard to the conditioning of the responses which we assoaate 
with fear. He discovaed that thae are only two kmds of uncondi- 
tioned stimuh which cause fear m the baby, loud noises and the feehng 
of bemg suddenly left without support. Nevertheless a normal three- 
year-old shows fear for a numba of tinngs — e g , darkness, mecham- 
cal toys, a n imals, and so on. All these objects are, in Professor Wat- 
son’s view, instances of conditioned stimuh, they cause fear because 
at some time or another the appearance of, for example, a dog has 
comaded with the occurrence ofaloudnoisc, or with the infant bemg 
knocked over — that is to say, with a fe eling of lack of support. 

(iv) The CondtUoning of Emotions — This hypothesis, if correct, 
throws an mteresting hght on the ongin and nature of emotion. 
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According to Watson, the number of unconditioned emotional 
reactions is three only — fear, the causation of which we have just 
descnbed, rage, which is occasioned by the hampenng of boddy 
movements, and love, which is chated by stroking the skm, tickhng, 
gently roclang, or pattmg It follows that any particular object may 
become a conditioned stimulus for fear, rage, or love, accordmg as it 
has at some time or another habitually accompamed as a stimulus the 
unconditioned stimuh of one or other of the emotions m question 
This IS a fact which, if it can be substantiated, cames with it imphca- 
tions of immense practical import, besides throwing a considerable 
amount ofhght upon the nature of our mental processes By appropn- 
atcly mampulatmg our stimuh we shall be able to mtroduce Chns- 
tiamty by transforming our eneimes mto stimuh for love rather than 
for fear, and to feel affection rather than anger for the radway oSiaal 
whose ddatonness causes us to miss a tram In a word, the whole 
texture of our emotional life could be changed by associatmg the 
sumuh, which now causes unpleasant emotions, with those uncon- 
ditioned stimuh which call forth responses which are pleasurable 

It seems probable, however, that successful results could only be 
hoped for m very young chddrcn, smee adults would not submit to 
the long and laborious process which the reconditionmg of their 
responses would mvolvc 

(v) Dtspenstng with Consciousness — A word may now be added on 
the question with which we began this section, the question, namely, 
of the existence of imnd or consaousness It must be adnutted that the 
Behaviourists have met with a surpnsmg amount of success m their 
endeavour to mterpret psychology without postulatmg the mterven- 
oon of nund or consaousness In this connexion it should be borne m 
mmd that the phenomena that we have been descnbmg arc mecham- 
cal m character, the responses foUowmg the stimuh with as much 
certamty as the tannmg of the skm follows its exposure to the stimulus 
of sunhght It IS not necessary for mmd to be aware of the responses 
m order that they may occur, nor, it may be surmised, could mmd 
prevent these occurrences by bccommg aware of them 

Is It necessary, therefore, to postulate the existence of consaousness 
at all’ Takmg our standpomt from the observation of behaviour, 
w hich IS the only pomt of view that the Behaviourists accept as legm- 
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mate, what is the difference between an action of which, as we say, 
we are consaous and one of which we are unconsaous^ The only 
observable difference is that the activities of the neurones and glands 
— that IS to say, the happenings m the nervous-system which accom- 
pany the actions are different m the two cases. These different bodily 
activities mclude, in the case where consaousness is said to be present, 
our vocal movements when we speak of what we are expenencmg 
Smcc this difference of gland and muscular activity, mcludmg vocal 
movements, is the only difference that we observe m cases where con- 
saousness is present. Professor Watson proceeds to the assertion that 
consaousness ts the sum total of the bodily differences m question. 

(vi) Thinking as Sub-vocal Talking — ^This rather starthng concep- 
tion IS apphed with considerable force to all lands of so-called con- 
saous processes When, for example, we think, it is found that a 
number of muscles are bemg active m our larynxes The activity of 
these muscles may be regarded as havmg for its object the unconsaous 
formation of words which are not actually uttered Thinking, then, 
IS simply sub-vocal talking, mvolvmg as it does the same muscular 
activities as those which occur m talkmg, although these activities arc 
not earned so far Thus all modem books on psychology which exem- 
plify this school of thought mclude chapters on what is called the 
language habit, which desenbe at some length the bodily movements 
which occur both when we are talkmg and when we are think ing but 
not talkmg These movements can be brought under the response to 
stimulus formula of which simple examples have already been con- 
sidered, and, as a consequence, thmkmg, and mdeed all other mental 
activities, can be reduced to very compheated but nevertheless auto- 
matic responses to external situations 
We are, I think, entitled to ask whether there is not faulty reasonmg 
here We may demonstrate that consaousness, mcludmg what we call 
thought, is always accompanied by certam bodily movements, that 
these bodily movements are forms of response to external or mtemal 
stimuh, and that by smtablc conditionmg we may change the stimuh 
that provoke them, but this demonstration surely does not prove that 
consaousness is the bodily movements which accompany it Simi- 
larly wc may disprove the existence of consaousness as a separate 
constituent item m our mental make-up, we may show that it only 
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attaches to certain trams of activity, whether mterpreted physio- 
logically or psychologically, which we call desires, wishes, and so 
forth, and that these trains of activity may occur in all respects 
unchanged without bemg characterized by this quahty or adjuna of 
eonsaousness, and we may infer that, therefore, consaousness is an 
unimportant, casual phenomenon, whose presence or absence makes 
no dificrence to the actual events which are occurring m our psy- 
chology But this once again docs not prove that consaousness is a 
myth, and, if consaousness is not a myth, mmd is not a myth either 
It IS time, therefore, to change our method of approach, and to see 
what arguments can be adduced m fevour of the bchef m mmd as 
somethmg distma from the body 



CHAPTER THREE 


THE MIND AS DISTINCT FROM 
THE BODY 

THE ALTERNATIVE HYPOTHESIS 

I POINTED OUT m the first chapter that the issue between those 
who en4eavour to interpret mind action m terms of body action, 
and those who contend for the umque, distmct, and m some sense 
independent status of mind is not capable of definite setdement No 
actual refutation of the arguments advanced in the last chapter is, 
therefore, to be expected The most that can be done is to suggest 
certam objections that can be and have been brought against the 
matenahst position which has been outlined above, and at the same 
time to mdicate a number of mdependent considerations which seem 
to demand a different kind of approach to psychology, and a different 
interpretation of its problems This mterpretation, to put it bnefly, 
insists that a hving organism is something over and above the matter 
of which its body is composed; that it is, m short, an eiqiression of a 
pnnciple of life, and that life is a force, stream, entity, spirit, call it 
vrhat you will, that cannot be descnbed or accounted for m material 
terms, that m human bemgs this pnnaple of hfe expresses itself at the 
level of what is called mind, that this min d is distmct from both body 
and brain, and, so fer from being a mere register of bodily occur- 
rences, IS able, acting on its own vohtion, to produce such occurrences, 
and that no account of m i n d action which is given m terms of bram 
action, gland activity or bodily responses to external stimuh can, 
therefore, be completely satisfactory. This is the view which m some 
form or other is held by those who find a matenahst explanation of 
psychology unsatisfactory, and m this chapter we shall be concerned 
with the reasons for it. 

biological considerations 

Ptnposiveiiess — Some of these reasons, and perhaps the most impor- 
tant, are denved in part from regions which he outside the scope of 
psychology proper, they belong to biology, and are based on a con- 
sideration of the characteristics which all hvmg bemgs are found to 
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possess m common. With regard to one of these “alleged”* charac- 
teristics of hvmg organisms it is necessary to say a few words, smee 
It constitutes a startmg-pomt for the method of mterpretation with 
which we shall be concerned m this chapter The characteristic in 
question is that to which we give the name of purposiveness, and 
because of this characteristic it is said that any attempt to mterpret the 
behaviour of hvmg creatures m terms of matenal response to stimuh 
must mevitably break down Purposiveness imphes the capaaty to be 
mfluenced by and to work for a purpose, this m its turn mvolves the 
apprehension, whether consaous or unconsaous, of some object 
which hes m the future and which the purpose seeks to achieve, it 
therefore necessitates the existence of a mmd If, therefore, purposive- 
ness is a true characteristic of hvmg creatures, then we certainly have 
estabhshed a good startmg-pomt for our “mental” approach to 
psychology 

What, therefore, is meant by saymg that hvmg creatures are pur- 
posive’ Primarily, that m addition to those of their movements which 
may be mterpreted as responses to existing situations, they also act m 
a way which seems to pomt to the existence of a spontaneous impulse 
or need to brmg about some other situation which docs not yet exist 
This impulse or need is sometimes known as a conation, a good 
mstance of the sort of thmg that is meant is the impulse we feel to 
maintain the species by obtainmgfbodorscekmgamate The impulse 
IS chiefly manifested m the efiorts a hvmg organism wdl make to over- 
come any obstacle which impedes the fulfilment of its mstmctivc need 
It will try first one way of dcalmg with it and then another, as if it 
were impelled by some overmastermg force which drove it forward 
to the accomplishment of a particular purpose Thus the salmon, pro- 
cccdmg up stream, Icapmg over rock and breasting the current m 
order to deposit her spawn m a particular place, is acting m a way 
which It IS difficult to cxplam m terms of a response to external stimuh 
An organism agam will seek to preserve the trend of natural growth 
and development by which alone the purpose of its existence will be 
fulfilled, m its endeavour to reach and to mamtam what we may call 


•I Invrrt the word In order to Indicate the cootromsial character ol the lubject, 

h do doubt that U would be thought ostaie by many Hologltts to assume the existence o( 
the characteristic ia question, alibougb I myicU do not wish to deny it. 
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Its natural state or condition, it is capable, if need arises, of changing 
or modifying its bodily structure If you take the hydroid plant 
Antennulana and remove it from the flat surface to which it is accus- 
tomed to adhere, it wiU begm to proliferate long wavy roots or fibres 
m the effort to find something sohd to gnp, while everybody has 
heard of the crab’s habit of growing a new leg m place of one that 
has been knocked off 

Activity of this land seems difficult to explam on matenahst hnes 
as the response to a stimulus, it appears rather to be due to the 
presence of a hvmg, creative impulse to develop m the face of any 
obstacle m a certam way That a hvmg organism works as a machme 
works, by reacting m the appropnate way to the appropnate stimulus, 
is admitted, all that is contended is that it acts m other ways as well, 
that these other activities depend not only upon the quahty of stimulus 
received, but upon the mtensity of the creature’s conative impulse, 
and that the existence of the impulse is only exphcable on the assump- 
tion that the creature is animated by the need to fulfil a purpose 

Foresight and Expectations — ^When we apply this conclusion to 
human psychology, wc are immediately struck by the fact that the 
mdividual not only exhibits m common with, other organisms this 
charactenstic of purposive behaviour, but is m many cases consaous 
of the nature of the purpose which inspires his behaviour The man 
who studies m order to pass an examination is not only impelled by 
a push from behmd; he is drawn forward by a pull from m front This 
pull from m front can only become operative if he can be credited 
with the capaaty to concave the desirabihty of a certam state of 
affairs — ^namely, the passmg of the exammation, which does not yet 
exist, he shows, m other words, foresight and expectation. It is 
activities of this kmd which seem most insistently to mvolve the 
assumption of a mmd to do the foreseeing and expecting. In other 
words, the capaaty to be mfluenced by events which he m the future 
seems mexphcable on the stimulus-response basis, the thought of what 
does not exist may be allowed to influence the mmd, but it is difficult 
to see how the non-existent can stimulate the body. 

The explanation of our capaaty for bemg mfluenced by the thought 
of events that do not yet exist, raises much the same difficulty as our 
undoubted responsiveness to events that have existed but do so no 
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loiter, and it -will be desirable to consider tbe problem first o£ all 

fi-om this pomt of view 

The Injiumcc of (he Past —It is clear m the first place that the influ- 
ence of the past is continually aflecting what happens m the present. 
Even the most distant events m my personal history exert their 
influence upon what I am thinking and wishmg now If I have been 
to New York and you have not, the casual mention of the words 
“New York” in our jomt hearing will have an effect upon me very 
different firom and much richer than that which it wiU have upon 
you this IS because of the different influences exerted upon our pres- 
ent selves by the different events that have occurred m our respective 
pasts, influences which, m my case, arc much more various than m 
yours The mere fact that I know how to hold my pen as I vrate, 
and cause it to trace the letters that form the words I want, is the 
unconsaous effect of my having learned how to write in the past 
The influence of the past is, therefore, all pervasive, it afiects every 
single act and thought of our wakmg hfe 

The operation of this influence raises one of the most difficult 
questions m psychology , this is the question of the nature of memory, 
whether consaous, as m my memory of New York, or unconsaous 
as m my memory of havmg learned to wntc. The problem of 
memory put very bnefly is as follows My act of remembering is an 
art which exists m the present, the event which I remember occurred 
m the past, and would appear, therefore, no longer to exist. But how 
can that which does not exist affect that which does exist? Now this 
problem, as I have aheady pointed out, is essentially the same as that 
raised by expectation If I hear the bcginmngs of a tune that I have 
heard before, 1 may after the first few bars of it be able to continue 
It for myself, m other words, I shall know what is cormng But I am 
only able to do this in virtue of my unconsaous memory of tbe past 
which conditions my expectation of the future, my knowmg what is 
coming IS, m fact, detenmned by my remembering what actually 
came 

It would not be difficult to show that all cases of expectation depend 
upon and mvolvc, at least m part, acts of unconsaous memory If 
then wc examine the thconcs of memory current m psychology, we 
may get some hght on the problem which wc arc at present consider- 
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mg — ^namely, tiie problem of the distinct and mdependent existence 
of min d, which we found to be rmphed by expectation There are 
roughly two types of theory, each of which is held m one or another 
of several different forms by psychologists 

THEORIES OF MEMORY 

I Physiological — {a) The first, which gives a physiological account of 
memory, was put forward m the fbllowmg form by a psychologist 
called Semon. What I am aware of when I appear to remember 
something is not the past occurrence which, as I say, I remember, but 
a present state or modification of my body. This present state or 
modification is called an engram, and is produced as follows: Let an 
organism which is m a state of eqmhbnum, which we wiU call 
condition (a), be subjected to any stimulus XY which exates it. 
When the exatement has subsided, the organism wdl settle down 
agam to a state of equilibrium, but this second state (b) is not qmte 
the same as the first state (a) , the exatement, in other words, has left 
behmd a continmng effect or trace on the organism, m virtue of 
which its general condition is different after the excitement is over 
from what it was before. This difference — ^the difference, that is, 
between the two states of equihbnum — ^is the engram. It is envisaged 
m physiological terms — Semon calls it some matenal alteration m the 
body of the organism — although what the precise effects on the 
nervous-system may be is not known. 

So far we have considered the process in its simplest possible form. 
What happens m actual fact is not that an engram is produced by an 
isolated stimulus, but a whole complex of engrams results firom the 
apphcation of a number of assoaated stimuh. When some part of 
the onginal stumdus XY, whether x or Y, or any of the s omnli asso- 
ciated with XY recurs, it calls forth the whole complex of engrams 
produced by the ongmal complex of assoaated stimuli. When this 
happens, we are said to remember the event firom which the engram, 
or engram complex, results 

Puttmg this into psychological language — although we must be 
careful to remember that Scmon’s theory does not necessarily involve 
the existence of psychological entities such as consaousncss — ^we may 
say that what we are aware of when we say we remember a past 



THE MIND AND ITS WORKINGS 


416 

event, IS a present modification of our bodies which the past event has 
left behind 

(6) There is another way ofmterpreting memory firom the physio- 
logical pomt of view which practically succeeds m dispensmg with 
the mtervention of consaousness or awareness altogether It also 
ehminates the notion of specific physiological modifications or traces 

Let us suppose that we are expecong to meet somebody Our 
feehng of expectation translated m terms ofthe nervous-system means 
that there is a speaal settmg of the co-ordmation or assoaation* 
centres m the bram, m virtue of which we shall be more ready to pick 
out certam sUmuh, those, namely, assoaated with the person 
expected, firom the innumerable stimuh which at any given moment 
are clamouring for our attention, than to pick out others Our nervous 
apparatus for the reception of stimuh is, in other words, set m a 
particular pattern and is predisposed to receive only what will fit mto 
the pattern, just as a lock may be said to be set ready to receive a key 
The feehng which we know as expectation is just this settmg of the 
nervous centres to receive certam speaal kmds of stimuh It is as if, 
to change our metaphor, they were tuned up to a particular pitch 
and were prepared to vibrate only to notes of the pitch m question 

Now let us apply this conception to the question of memory If 
you hear the first few bars of a famihar tune, you arc able to remember 
the rest. Why? Because the stimulus of the first few notes sets the 
co-ordmauon centres ready for the reception of the rest. What set 
the co-ordmation centres m the fiirst instance was the heanng of the 
tune on the first occasion on which it was heard, but, as on Semon’s 
theory, when the stimulus of the tune recurs it is only necessary for a 
part of the stimulus to be apphed m order to produce the whole set 
of reac'uons which on the fot occasion followed the complex of 
stimuh constituted by the whole tune The more often the stimulus 
IS apphed, the smaller the part of it required to produce the whole 
response A habit is formed when the response follows so readily 
that a mere hmt or shadow of the onginal stimulus is necessary to 
provoke it Habit, therefore, is simply a special case of memory, 
■ss hen, havmg^donc certam dungs very often m the past, we remember 
them so well that the merest hint of any one of these dungs is able to 
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set going, and to set going unconsaously, a complicated senes of 
reactions which it previously required a whole succession of stimuh 
to provoke, we have formed a habit Here then we get an explanation 
of memory and of habit m physiological terms Memory is due to 
the penistent effect of past stimuh, this persistent effect bemg, m 
Professor Henng’s wor^, “the pecuhar attunementofthe nervous- 
system m virtue of which it will give out today the same note that it 
gave out yesterday, if the stnngs be touched anght ” 
n Psychological — The ordmary psychological explanation of 
memory is on the following lines An event which has happened to 
us does not, when it recedes mto the past, leave no trace of itself 
behind, on the contrary, it makes an mdehble impression on the 
individual who expenences it This impression is not an alteration of 
the body, but is conceived to be an image or reflection m the mind 
Every expenence wc have ever had is said to leave some image of 
itself m this way These images, however, rapidly fade mto the 
unconsaous,’'’ which may be regarded as a storehouse of past expen- 
ences, where they normally remain When somethmg occurs which 
resembles the event which ongmally left the image, it causes the 
image to rise mto consaousness We are then said to remember the 
past event, when what we are m fact thmkmg about is the present 
mental image or rejection of the past event 

CRITICISM OF THEORIES OF MEMORY 

We were ongmally led to undertake this account of theones of 
memory, not only because memory as an important ftmction of the 
mmd IS entitled m its own nght to a descnption m a book on “The 
Mmd and its Workmgs,” but also because it was thought that an 
examination of the vexed questions that memory raises imght reveal 
senous difficulties m the physiological mterpretation of psychology 
with which we were concerned m the last chapter. It is now time to 
see what these difficulties are 

Let us begm with the psychological account of memory given m 
n above. Whatever may be the ments or dements of the physiological 
theones of engrams and attuned nervous centres, it seems clear that 
the psychological image theory at any rate will not work 


*See Chapter Five for an account of the nneonsdous. 
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(i) Tlte Image Theory — ^To begin with thereisconsiderablcdoubtas 
to whether such things as images exist, many psychologists do, m 
fact, deny their existence Apart, however, firom this doubt, there is 
a more senous objection to the theory, and that is that images, even 
if they do exist, wiU not perform the function which they are said to 
perform They are said to be copies or reflections of past events But 
you cannot know that a copy is a copy unless you have the original 
to compare it with If you see the face of a &iend m the glass, you 
cannot tell that it is your friend’s face and not the face of some other 
person, unless the face of youf friend is already known to you, and 
not only known m a general sort of way, but present to your mind’s 
eye at that particular moment, so that, companng it with the image 
m the glass, you recognize the image as an image of your friend’s 
face and of no other 

In order, therefore, that we may be m a position to recognize A 
as a copy of b, we must be aware both of A and of b Now on the 
theory of images described above, we are said to know the present 
image but not the past event of which it is an image But if we do 
not know the past event, how can we know that the present image 
represents it, if we do know the past event, if, m other words, the 
mind possesses the power of gomg back to the past and bemg directly 
aware of it, what is the purpose of evolvmg an image which is said 
to be like the past event, m order that the rmnd may be aware of that^ 
But if memory can only be explamed as a direct awareness of what is 
past. It quite certainly involves a rmnd Mmd may be credited with 
this mysterious power, body certainly cannot. 

(u) The Engram Theory — How does this reasoning affect thcphysio- 
logical thconcs of memory? The sahent feature of the physiological 
account of memory was that when any part of an onginal stimulus, 
or set ofstimuh, was repeated, it tended to call forth the whole com- 
plex of reactions formerly provoked by the onginal stimulus or set 
of stimuh Pursumg, therefore, their pohey of mterpretmg psycho- 
logy without mtroducmg mental terms, these theones sought to 
identify the expencncc known as remembering with this repetition 
of a former set of bodily reactions, or (if we see no necessity for bemg 
quite so ngorous m our exclusion of rmnd) with the awareness of the 
repetition of these reactions But if, as alleged, the reactions produced 
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by a recurrence of part of the ongmal stnnub are bterally the same 
as those onginally provoked by the stimuh which constituted the 
remembered event, then remembermg an event ought to be mdis- 
tmguishable firom expenencmg it. But thinking of the pam I suffered 
yesterday at the dentist is qmte mdubitably not the same as expenen- 
cing It It follows, therefore, that whatever memory is, it cannot be 
the occurrence of the same reactions (or the awareness of the same 
reactions) as those caused by the stimuh constituted by the event 
remembered Applying this type of reasoning to Semon s view, we 
get the foUowmg results - Either the physiological modification result- 
ing after the stimulus has ceased to operate, the engram, that is to 
say, of which we are said to be aware m memory, is the same as the 
response activity provoked by the ongmal stimulus, or it is not If 
It IS the same, then being aware of an engram — that is to say, remem- 
bermg an event — ought to be identical with the actual expenence of 
the event, which it is not, if it is not, then it is difficult to see why the 
process of becoimng aware of an engram, which is not the same as the 
response to die past event, should make us think, not of the engram, 
but of somethmg which is different firom the engram, namely, the 
past event 

The same type of obj ection apphes to the physiological explanation 
of recogmtion. When you see a thing a second time and recognize 
It as something you have seen before, the feeling of recogmtion is, as 
we have seen, mterpreted as due to a certain attunement of the nervous 
centres, in virtue of which they give off the same vibrations as they 
did on the occasion of the first expenence of die thing m question. 
But if the response m terms of vibration is really the same, then seeing 
a dung a second time ought to feel exaedy hke seeing it the first time, 
in which event it would not be recognition If it is not the same but a 
different response, why should its occurrence cause the feeling of 
recogmtion, which is mvolved by die reference to a past event at 
all? Why should it not simply cause us to think that we were seeing 
- somethmg new^ 

(m) Expectation — It will be remembered that die physiological 
account of memory sought at the same time to provide an explanation 
of the feelmg of expectation. The nervous-system was set like a lock 
to receive the stunuh which conformed to a particular pattern But 
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It IS dear tiiat the co-ordinaUon centres could only assume this partic- 
ular formation, could only cvmce this particular disposition to pick 
out certain stimuh rather than others, if, to speak m psychological 
terms, we know what to expect. 

Now if wc assume the existence ofa mind credited with the power 
of annapatmg future events, while admittmg that this power may 
be in the last degree mystenous, we shall see no insoluble difBculty 
in supposing that we really do know what to expect. But if we 
dispense with a mental interpretation, or rdegatc the mmd to the 
position of a mere register of bodily events, what explanation arc wc 
to give of this apparent knowledge? The physiological psychologist 
embraces it under his account of memory, the nervous centres, he 
tells us, are set in tins particular form of arrangement because of past 
occurrences, with the result that, havmg heard a tunc once, we have 
only to hear the first few bars of it again to be able to antiapate and 
supply the rest 

The view might account for our abihty to antiapate events which 
are exaedy like those which have already happened, but how can it 
explain the expectation of a completely new experience? If the 
cxpcncncc is really novel there can have been no past events of a 
similar character to set the lock of the nervous system to receive the 
new key Yet there is no doubt that we can have a feeling of expecta- 
tion of somethmg which, though dimly envisaged, is yet felt to be 
unprecedented Wc may say, then, that in the present state of our 
knowledge it seems impossible to account for those of our fcchngs 
which relate to events which have still to occur, unless wc arc pre- 
pared to postulate the existence of something which is not material 
and which is credited with powers other than material powen 

Wc have spoken so far of purpose and expectation, and our con- 
clusions seem to be that if feelings of expectation and the capaaty to 
aa purposivcly really arc, as they seem to be, characteristics of the 
human bemg, then no purely physiological account ofhis psychology 
will fit the facts How docs this conclusion apply to the emotions’ 
Some emotions — as, for example, the emotion of dread — also refer 
to the future Can wc, then, accept the account of emotion given m 
the last chapter’ 

77ie Emotions — ^An emotion wc there saw was mterpreted as our 
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consaousness or awareness of a physiological event Our bodies are 
stunuiated by a perception of a ghost or a tiger, the result is a senes 
of bodily changes of a kind tending to facihtate flight; our awareness 
of these changes is the emotion of fear This account, plausible enough 
when a physical stimulus of some sort is actually present, seems to 
break down m the absence of such a stimulus Let us suppose that 
I sit m my chair and think of an audience of a hundred psychologists 
whom I am to address next week, let us also suppose that, as I have 
every nght to do, I feel nervous and agitated What is the physical' 
stimulus here? The meetmg of psychologists does not yet exist, I may, 
therefore, be able to think of it, but I certainly cannot expenence it 
as a physical stimulus Is it, then, the chair m which I am sittmg? 
This scarcely seems credible 

In cases of this kind, if we are still to regard the physiological 
changes as being the cause of the feelmg of emotion, it rather looks 
as though the mental apprehension of the corrung event must be the 
cause of the physiological changes Mind, in other words, so far from 
being the mere reflection of matenal events, seems here to produce 
them But there is a further reason for doubtmg the account of 
emotion given m the last chapter. 

While the thought of lectunng to a hundred psychologists may 
cause dread, the thought oflectunng to a hundred students may cause 
pleasure Now the diflference between thinking of ahundred psycho- 
logists and thinkin g of a hundred students is a difference between 
two acts of expenence, which seems to be a real and important 
difference But how are we to envisage such a difference m terms of 
the nervous-system^ Is there one pattern of the nervous centres 
representing the response to the stimulus constituted by the future 
meetmg (or possibly by a past and remembered meetmg) of a hundred 
psychologists, and another which is caused by a future meetmg of a 
hundred students, and yet another by a future meetmg of mnety-nme 
students, and so on for every difierent object of which the thought 
can cause a shghtly difierent emotion^ This seems to mvolve an 
almost mconceivable complexity on the part of the nervous-system 
Let me try to state the pomt m another way. The emotion of fear 
is said to be the mental awareness of excretions by the adrenal glands 
Now let us suppose that I am frightened, and let us assume that my 



422 THE MIND AND ITS WORKINGS 

fear is the consaousness of the fact that these glands are discharging 
a certain amount of fluid, which we may represent by X If I am 
twice as fiightened, the amount of discharge will be 2x, and if half 
as frighten^ Jx. But fear shades by imperceptible degrees mto a 
number of alhed but quahtativcly different emotions, such as repul- 
sion, horror, disgust. What are the physiological eqmvalents for 
these? Not 2x or ^x, since these arc akcady earmarked for greater or 
less quantities of fear proper We must, then, postulate the existence 
of some other gland whose excretions can be held to provoke the 
quahtatively different fechngs associated with these emotions This 
IS bad enough, but it is not the worst Fear is not absolutely distmct 
from disgust. It passes imperceptibly mto disgust through a number 
of mtermediate shades of emotion which partake partly of fear and 
partly of disgust, but arc quahtatively diflerent from either Smee 
excretions from any particular gland can only be made to account for 
a greater or less quantity of the same kind of emotion, we shall have 
to postulate a separate gland for each of these quahtatively different 
states Now the number of mtermediate shades between one land of 
emotion and another is mfimte, yet, smee the body is spatially 
limited, the number of corresponding glands must be fimte There- 
fore, the attempt to explam emotion as awareness of gland action, 
or mdeed bodily action of any land, seems to break down 
It IS not contended that this type of reasorung is necessarily con- 
clusive It does, however, show the difiBculty of trymg to explam 
the infinite vancty of mental life m terms of bodily changes The 
number of thoughts of which a human being is capable is mfimte, 
so too IS the number of diflerent feelings which he may experience, 
but the number of changes of which our bodies are capable, though 
cxceedmgly large — the complexity of the nervous-system still baffles 
mvcsngation — is necessarily restneted by the spatial limitation of the 
body and the number of its organs 
Wc conclude, then, from this study of memory, of expectation 
and of the emotions, that there arc at least some mental facts which, 
though accompamed by and mvolvmg bodily facts, cannot be wholly 
cxplamcd m terms of them The mmd docs not merely reflect the 
body. It outruns it, and m so doing miOates thoughts and actions on 
Its own account of which the body is merely the registermg accom- 
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panimenL Let us now consider some further evidence pomtmg in 
the same direction. 

THE APPREHENSION OF MEANING 

An important fact about our mental hfe is that we are capable of 
appreciating me anin g A statement of fact written on a piece of paper 
IS, so far as its matenal content is concerned, merely a number of 
black marks inscnbed on a white background Considered, then, as 
a collection of visual, physical stimuh, it is comparatively unim- 
portant; what is important is the meaning which is attached to these 
marks. If they inform us, for example, that we have received a legac)' 
of ten thousand pounds it is not the black marks on the white back- 
ground, but the meaning they convey that effects a disturbance m 
our emotional hfe, suffiaendy profound to keep us awake all mght 
Now the meaning of the marks is obviously not a physical stimulus. 
It IS something immaterial How, then, is its effect to be explamed m 
terms of boddy responses to physical stimuh, which the min d merely 
registers^ Let us take one or two fiirther examples m order to present 
the difficulty m a concrete form. 

Let us suppose that I am a geometriaan and am dunking about the 
properties of a triangle. As I do not wish at this pomt to enter mto 
the vexed question of whether some physical stimulus is or is not 
necessary to imtiate every cham of reasoning, we wiU assume that 
m this case there was a physical stimulus — it may have been a chance 
remark about Euchd, or the appearance of a red triangular road 
signpost while I am dnvmg a car — a stimulus which we wiU call x, 
which prompted me to embark upon the tram of speculations about 
the triangle My reasomng proceeds until I arrive at a conclusion, 
which takes the form of a geometneal proposition expressed m a 
formula I carry dus formula m my head for a number of da}^ and 
presendy wnte it down In due course I wnte a book, setting forth 
tny formula and giving an account of the reasomng which led me to 
It The book is read and understood by A. Presendy it is translated 
into French, and is read and understood by B. Later stiU, I dehver a 
lecture on the subject which is heard and understood by c As a, 
B and c have each of them understood my formula and the reasoning 
upon which it is based, we may say that the reasoning process has had 
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for them the same meamng throughout If it had not, they would 
not all have reached the same conclusion and understood the same 
dung by It. Yet m each of the four cases the sensory stimulus was 
different, for myself it was x, for a it was a number of black marks 
on a white background, for b a number of different black marks on 
a white background, and for c a number of vibrations m the atmo- 
sphere impmgmg upon his car-drums It seems mcrediblc that all 
these different stimuh should have been able to produce a consaous- 
ness of the same meaning, if our respective reactions to them were 
confined to physical responses (which must m each case have been 
different) which were subsequendy reflected m our tmnds by a process 
of mental registration of the different responses The stimuh being 
different, the mtervenuon of something possessed of the capaaty to 
grasp the common element among these physically different entities 
alone seems able to account for the facts, but the common element 
IS the meaning, which is immatenal and can be grasped, therefore, 
only by a mmd 

Let us take another example mstanced by Professor McDougall 

A man receives a telegram which says, “Your; son is dead.” The 
visual physical stimulus here is, as before, a collection of black marks 
on an orange field The reaction cxpcncnced m terms of his boddy 
behaviour may take the form of a complete cessation of all those 
symptoms usually assoaated ivith life — that is to say, he may famt. 
When he recovers consaousness his thoughts and actions throughout 
the whole of the remamder of his life may be completely changed. 
Now that all these compheated reactions are not constituted by and 
do not even spring firom a response to the physical stimulus, may be 
seen by comparing the reactions of an acquamtance who reads the 
teWram, and so subjects himself to the same stimulus Moreover, 
the ^mission of a smglc letter, convertmg the telegram mto “Our 
son lAdead,” would cause none of the reactions just desenbed, but 
mighlVesult at most m the wntmg of a pohte letter of condolence 
The maraendcncc of the bodily reactions of the physical stimuh 
actually Presented is m these cases very marked, and, unless we are 
to mtroducc concepuons such as the mtellectual apprehension of the 
meaning of ^he marks, it seems impossible to explam their effect Yet 
such a conce non agam mvolvcs the active mtervenoon of mmd 
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Synthesizing Power of Mind — ^This conclusionis reinforced by what 
we may call the synthesizmg power of rmnd. Synthesizmg means 
puttmg together, and one of the most remarkable powers that we 
possess IS diat of taking a number of isolated sensations and fomung 
them mto a whole We shall have occasion to return to this pomt at 
greater length m connexion with our account of sensation m the 
next chapter For the present, we wiU content ourselves with givmg 
one or two examples of mental synthesis 

Let us consider for a moment the cause of esthetic appreaation 
The notes of a symphony considered separately consist merely of 
vibrations m the atmosphere Each note may, when sounded m 
isolation, produce a pleasant sensation, and as one note is struck after 
another we get a sequence of pleasant sensations But although this 
IS a suffiaent descnption of the symphony considered as a collection 
of matenal events, and of our reactions to these events considered 
merely m terms of sensations, it is qmte clear that we normally think 
of a symphony as bemg somethmg more than this We think of it 
in fact as a whole, and it is as a whole that it gives what is called 
aesthetic pleasure Now m thinkmg of the symphony m this way our 
imnd IS gomg beyond the mere sequence of pleasant sensations which 
Its mdmdual notes produce, and puttmg them together mto some 
sort of pattern If the notes were arranged m a different order, 
although the actual vibrations which impmged upon our senses would 
be the same, the pleasurable assthetic effect would be destroyed 

It seems to follow that our pleasure m a symphony cannot be 
wholly accounted for, although it may depend upon our physical 
responses to the stimuh of the mdividual notes, m order to obtam 
aesthetic pleasure we must somehow be able to perceive it as more 
than the sum total of the mdividual notes — that is, as a whole pattern 
or arrangement. The pleasure ceases when the wholeness of the object 
perceived is destroyed, as it is, for example, by the transposition of 
certam notes We may compare the difference between the physical 
sensations which are our responses to the visual stimuh of the colours 
and canvas of which a picture is composed, with our synthesized 
perception of a picture as a work of art 

We must conclude, then, that we possess the power of reahzmg 
external objects not merely as collections of physical stimuh, which 
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of course they are, but as wholes m which the actual sensory elements 
arc combmed to form a single object bf a higher order This fiiculty 
of combining or putting together seems to mvolve the existence not 
only of a rmnd, but of a mmd of an active creative type, which is 
able to go out beyond the raw material afforded by our bodily 
sensations, and to apprehend ideal objects as wholes which are more 
than the collection of physical events which compose their constituent 
parts 

SUMMARY OF ARGUMENT 

The conclusion to which the arguments of this chapter appear to 
pomt IS that m addition to the body and brain, the composition of the 
hvmg organism mcludes an immatcnal element which wc call mind, 
that this element, although it is m very close association with the 
bram, is more than a mere glow or halo surroundmg the cerebral 
structure, the function of which is confined to reflecting the events 
occurrmg m that structure, that on the contrary, it is m some sense 
mdependent of the bram, and m virtue of its mdependence is able m 
part to direct and control the matenal constituents of the body, 
usmg them to carry out its purposes m relation to the external world 
of objects, much as a driver will make use of the mechanism of his 
motor car Mmd so conceived is an active, dynanuc, synthesizmg 
force. It goes out beyond the sensations provided by external stimuli 
and arranges them mto patterns, and it seems to be capable on occa- 
sion of acting without the provocation of bodily stimuh to set it m 
motion It IS, m other words, creative — that is, it carries on activities 
which even the greatest conceivable extension of our physiological 
knowledge would not enable us to infer from obscrvmg the bram 
How, then, are we to conceive of the relationship of the mmd to the 
bram^ 

An actor m a play of Shakespeare not only speaks words, but makes 
gestures, so that if you were completely deaf you would still be able 
to mfer somethmg of what the play was about from seemg the 
gestures It is obvious, however, that there is much more m the play 
than the pantormme of the players There arc, for example, the words, 
the characters, the plot, and the poetry Now to use a simile of the 
philosopher Bergson, the bram is the organ of pantomime If you 
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were to observe a mail’s brain you would know just as much of his 
thoughts as found vent in gestures Y ou would know, in other words, 
all that his thoughts imply m the way of actions or the beginnings of 
actions,* but the thoughts themselves would escape you just as the 
words and meamng of the play would escape the deaf spectator 
This is what is meant by saying that the mind overflows the bram. 
If our knowledge of both psychology and physiology were perfect, 
we should be able to describe the movements of the bram without 
observmg it, provided we had complete understandmg of a man’s 
state of mmd, but we should not from the most mmute and thorough 
inspection of the bram be able to tell what the man was thinking, 
smce j'ust as one gesture of the actor may stand for many difierent 
thoughts, so one state of the bram may represent any one of a host of 
states of mmd 


•Among the beginnings of actions may be mentioned those movements of the larynx which are 
iuTOlved m talMng 



CHAPTER FOUR 


THE MIND AS AN ACTIVITY 

THE FACULTY PSYCHOLOGY 

S O FAR, WE have said very hole about a number of questions that 
bulk largely in many books on psychology, more particularly m 
the older ones The subjects with which psychologists used to concern 
themselves were, until the last few years, very different from those 
which have occupied our attention up to the present The older 
psychologists would discuss at length such questions as the number 
and the nature of the instmcts, the relationship of instmct to reason, 
the difference between sensation and perception, and whether there 
were in addition to the instincts and the emotions such thmgs as 
sentiments and dispositions Such discussions arc now often referred 
to as belongmg to what is called “acadermc psychology ” Our 
reasons for not mtroducmg them at an carher stage and devoting to 
diem a larger share of space are twofold — 

1 It did not seem desirable to discuss the nature of mental quahties 
and faculties until we had satisfied ounclves that there was a mmd to 
exhibit quahties and to possess faculties It is necessary to establish the 
existence of a thing before proceedmg to mquire what sort of thing 
It IS The study of the relationship between mmd and body has tended, 
moreover, to throw a good deal of hght upon the nature of the 
entities related, and we have already in the course of our inquiry 
been obhged to examme madentally a number of important mental 
functions such as the memory and the emotions 
2 In the second place, even if we provisionally assume the existence 
of mmd, as somethmg distmct from the body, to have been established, 
we know far too htde about its character to pronounce with any 
certainty upon the number and nature of its faculties The contro- 
versial and experimental character of modem psychology cannot too 
often be emphasized, and one of the pomts upon which controversy 
largely turns is, whether the mmd possesses attnbutes which are 
properly to be called faculdcs or states at all 
Now the older psychologists were content to discuss the instmcts 
and the reason much as a physiologist would deal with the heart or 
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the leg I do not mean to say that when they afiinned that there were, 
for example, seven mstmcts they meant that the mind had mstincts 
m the sense m which the body has toes, but they were nevertheless 
mchned to write about mstmcts and sentiments and so forth as if they 
were distmct thin gs which could be segregated and catalogued for 
the purposes of discussion hke toes More recent work has, as we shall 
see, thrown considerable doubt upon these older conceptions of the 
mmd The mmd is no longer regarded as a bundle of faculties or as a 
thmg possessmg a number of attnbutes, any one or more of which 
may be m play at a given moment, but rather as a stream or force 
which firom moment to moment gives off fresh reflections, as it 
flows at different speeds Accordmg as the speed and direction of the 
flow vary, so wiU a man be feehng instinctively or reasonmg A 
faculty, then, is merely the activity of the whole mmd as evidenced 
at any given moment 

Nevertheless, it is necessary to say something about the questions 
which have occupied so large a place m traditional psychology, if 
only to throw the newer conception more clearly mto rehef. 

SENSATION AND EERCEPTION 

It IS extremely important m the first place that we should get a nght 
conception of the sort of thmg that a mmd is, before we enter mto a 
detailed exammation of its characteristics, especially as a right con- 
ception is not to be attained without some imaginative effort. We 
are so accustomed to thinking m terms of thmgs which are made up 
of parts, that it is very difficult to avoid picturmg the mmd as a 
number of mental states which are themselves bmlt up out of com- 
ponent parts as a house is built of backs Many people have so 
regarded the mmd, and a large part of traditional psychology has 
been devoted to showmg that all mental states were made up of two 
sorts of bricks — ^namely, sensations and images 
It IS important, therefore, to realize that there is no evidence for the 
existence of such mental backs, whether conceived as states or facul- 
ties. Such terms as the will, the mstmcts, the reason, and so forth, 
though useful enough for the purpose of descabmg our expeaences, 
do not coaespond with any real existents, they aie not ffcts, but 
hypotheses And m saying that they are not facts, but hypotheses, 
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what I mean is that they are never met with m actual cxpenence. 
Sensations, for example, which used to he regarded as the core of our 
experience, the raw material supphed to us by the outside world, out 
of which the whole structure of our mental and emoflonal hfe was 
built, are mere figments Nobody has ever met with a sensation for 
the simple reason that any apparent sensation which we choose to 
inspect turns out to be not a mere passive expenencing of an external 
stimulus, but a highly complex affair to which the mind has already 
made considerable contnbunons 

The influence of past expenence, for example, as pomted out m 
the last chapter, enters mto and affects all our present expenence of the 
external world A chair wears to a avflized man an entirely different 
appearance firom that which it presents to a savage who secs it for the 
first tunc. The latter probably secs the chair not as a chair at all but 
as a couple of legs and a back, which is all that we or dinar ily observe 
when we imagine ourselves to be seeing a chair Agam, a piece of 
modem music actually sounds diffcrendy to the habiti^ concert-goer 
and to the Onental, as is evidenced by the story of the Chinaman who 
went to the Queen’s HaU and thought that the tuning up was the 
concert. Each expenences the same s timuli , but the past expenence 
of each distorts, selects and contnbutes to what is actually heard, so 
that the resultant products arc diScrenL The imnd, m fact, rushes m 
to embrace the actual stimulus received, and to clothe it with elements 
cuUed fi-om Its past expenence, with the result that nobody has ever 
met a stimulus naked 

A good example of the activity of the mind m worJong up the 
impressions received firom -without is afforded by the expenence of 
learning to draw It is then found that most of what we think we sec 
IS not seen at all, -with the result that the young artist is chiefly 
employed m learning to unlearn the view of the world which con- 
ventional expenence has caused him to adopt, by stnppmg away, so 
f^ as he can, the accretions with which his mind has mvested the 
thmg actually seen Even so, however, he does not succeed m amving 
at a pure sensation Another stnkmg example of the same process is 
afforded by the expenence of gomg to a theatre m a foreign country, 
where the language, although known to us, is understood -with diffi- 
cult) Our heanng seems to be strangely dulled, and, as a consequence. 
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It IS found that it is necessary to sit much nearer to the stage than we 
are accustomed to do m our own country The reason is that when we 
hsten to someone speaking our own tongue, the proportion of the 
words he utters that we actually hear is comparatively small, the 
mind supplymg the rest by guesswork We expect him to say certam 
things on the analogy of past expenence, and as a consequence we 
have only to hear a very httle for our rmnds to take the cue and add 
the rest. This activity of the min d does not, of course, occur when the 
language is unfamiliar , and we accordmgly find it necessary to hear 
more because we supply less 

Optical illusions, agam, illustrate our propensity to see what we 
expect to see, and it is an mterestmg fact that books m Latm, Greek, 
and stiU more m Hebrew, are better printed than Enghsh books, 
because proof readers, havmg no expectation of what is conung, 
have to depend upon correspondence with the manuscnpt to ensure 
accuracy mstead ofjumping to conclusions on the basis of what they 
expect 

It IS these mevitable mental additions to what is seen and heard 
which modem psychology has m mind when it demes the existence 
of a pure sensation, because of the constant mtervention of the mmd’s 
activity. A sensation mvested m this way with matter drawn firom 
past expenence is called a perception, and what we are asserting is 
that m the long nm all sensations are perceptions It is now generally 
agreed among psychologists that, smce the sensational core of percep- 
tion IS elaborated by the mmd’s activity, we never know anything 
as It really is, a reflection which has been the starting-pomt of many 
systems of philosophy 

What we are concerned with here, however, is the conception of 
the activity of mmd, in virtue of which the bare sensation is non- 
existent 

Nevertheless, a sensation is a useful tool to work with, when we 
are trymg to analyse our expenence to find out what is its nature, 
and, like the mtelhgence, the wiU and the instincts, continues to be 
employed for want of a better term Bearmg m mmd, however, the 
fact that the mmd is not a thmg but an activity, it is dear that we ought 
to descnbe its movements in terms of stresses, currents, energies and 
flows, usmg the language of electnaty rather than that apphcable to 
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ordinary static things Perhaps psychology will one day employ 
such a vocabulary Meanwhile, for want of a better one, we must 
continue to speak of the instincts, the reason and the will, and with 
this preliminary word of caution we may proceed to mdicate some 
of the theones that psychologists have held m regard to them. 

THE INSTINCTS 

There is controversy both as to the nature and also as to the number 
of the instincts As a rough general account, which, so far as possible, 
avoids controversial issues, we may say that every organism is found 
to begm hfc with a peculiar and mdividual psychological endow- 
ment, whether this is or is not completely inhentcd is a question into 
which we cannot here enter This chiefly expresses itself m the way 
in which It behaves m the diflcrcnt situations m which it finds itself 
The ant, for example, will behave diflerently m a particular situation 
from a man Faced with this difference, we arc accustomed to say m 
partial explanation of it that the instincts of the man and of the ant arc 
different It is further necessary, in order that behaviour should be 
classed as instinctive, that it should not have been learned, and should 
manifest itself m some form or other at a very early stage of the 
creature's existence Thus the ant, which exhibits more unlearned 
forms of activity than the human bemg, is said to act very largely, if 
not entirely, upon instinct. In human bemgs and m most animals so 
called instinctive activities arc chiefly manifested m relation to the 
fulfilment of certain fundamental needs Of these needs the most 
important arc the needs for food, sex and soacty If a man docs not 
have food, he dies, if he docs not reproduce the spcacs, he dies by 
proxy, scemg that, as Samuel Buder pomted out, he hves on m the 
person of his ofi&pnng, the infant who is depnved of soacty follows 
suit and dies, too, and the adult on a desert island may quickly go 
mad. All human beings exhibit activity of a kind designed to allay 
these fundamental needs, and they do so without bang taught. 
Therefore, these needs may be called instinctive 
From die fundamental needs sprmg denvativc needs Thus m 
order to obtain food, it has usually been necessary to move about, the 
need for food tendmg to remam unsatisfied unless the mdmdual 
hterally took steps to satisfy it. Hence a denvativc need for movement 
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arises, from which springs an objection to sedentary occupations It 
scarcely seems, however, that our aversion to sittmg stiU for too long 
can be called instinctive m the same sense as our need for food 
The above constitutes what may be called a moderate general 
account of the nature of instinct with which few psychologists would 
wish to quarrel It will, m particular, be noticed that it avoids postu- 
lating the existence of an instinct as a distinct faculty or entity, and 
speaks of allaymg instinctive activity or instinctive needs This is an 
advantage in that it enables us to observe the mjunction against 
treating hypotlieses as facts made earher m the chapter 
Many accounts of instinct, however, go far beyond this Freud, 
for example, reduces all activity of the type known as instinctive to 
the expression of one or other of two fimdamental desires, which he 
calls the ego instinct, which is concerned with the preservation of the 
mdmdual, and the sex instinct, which is responsible for the reproduc- 
tion of the speaes 

McDotigalV s View of Instinct . — ^The most celebrated view of instinct 
IS, however, that of the late Professor McDougaU It occupies a rather 
cunous position midway between the physiological mterpretation 
of psychology illustrated m the second chapter, and the position of 
those who insist on the independent and autonomous status of mmd 
On the one hand it disclaims the materialism of those who hold that 
psychological states are mere reflections of bodily processes, while 
refusmg on the other to vmdicate the freedom of the mmd m the 
sense m which most of those who reject the matenahst view have 
wished to assert it 

(rt) Professor McDougaU begins by defining an instinct as “an 
mhented or mnate psycho-physical disposition, which determmes its 
possessor to perceive, and to pay attention to, objects of a certam 
class, to cxpenence an emotional exatement of a particular quahty 
upon perceivmg such an object, and to act m regard to it m 
a particular maimer, or, at least, to expenence an impulse to 
such action ” Tins defimtion amounts m effect to a demal of the 
matenahst basis of psychology, smee it postulates the existence of an 
instinctive desire to action which is not necessarily preceded by 
and dependent upon a physiological occurrence. 

As to the number of instincts so defined Professor McDougaU’s 
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View has vaned In Soaal Psychology, published in 1908, he contended 
for the existence of seven primary instincts as bemg suffiaent to 
account for our emotional life Other instincts were regarded as 
blends of or denvations from these primary seven In his Outline of 
Psychology, published m 1923, however, the number of primary 
mstmets has increased to fourteeru A distmctive feature of McDoug- 
all’s view IS ius association with each primary instinct of a special 
and umque emotion He fiirther contends that the instinct and the 
emotion assoaated vnth it are mdissolubly bound together as forms 
of expencncc, so that whenever we act instinctively we feel emotion- 
ally as well Each instinct, he says, “no matter how brought mto play, 
IS accompamed by its own pecuhar quahty of cxpenence which may 
be called a primary emotion ” There are, therefore, fourteen primary 
emotions 

Examples of primary instincts and then emotional eqmvalents are 


Instinct 

Emotional Quality 

Instinct of escape (of self preset- 

Fear (terror, fright, alarm, tire- 

vation, of avoidance, danger 
instinrt) 

pidation) 

Pairing (mating, reproduction. 

Lust (sexual emotion or exate- 

sexual) 

ment) 

Social or greganous instinct 

Fcehng oflonehness, of isolation, 
nostalgia 


McDougall recognizes m addition to the primary emotions the 
existence of certain secondary or blended emotions which are made 
up of blends of one or more primary emotions Examples of blended 
emotions are horror, awe and gratitude, and certam denved emotions, 
such asjoy, anxiety, despair These latter arc expcnenced as the result 
either of the obstruction or of the facihtation of the course of activities 
prompted by the primary instincts 
Some wnten hold that m addition to our instincts our psychology 
contains factors known as sentiments A sentiment is formed by a 
group of instincts and emotions which arc organized round a par- 
ticular object or idea, love and hate bemg typical sentiments The 
conception of the Wntiments which has been popularized by the 
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psychologist. Dr A F. Shand, is important m connexion with the 
notion of character A man’s character, in the ordmary sense of the 
word, may be thought of as the system of all his different sentiments 

INSTINCT AND REASON 

Before we proceed to comment on this scheme, it will be convenient 
to say somethmg of McDougall’s views on the relationship between 
instmct and reason. These are important smce they result m effect 
in a demal of the freedom and spontaneity of mental processes 
McDougall only rescues our minds from servitude to our bodies m 
order to enslave them to our instmcts 
This result follows from his assertion that all our activities, of 
whatever kmd, are mstmctive m ongm “The instincts,” he says, “are 
the prime movers of aU human activity, by the conative or impulsive 
force of some instinct every tram of thought, however cold and 
passionless it may seem, is borne along towards its end ... all the 
complex mtellectual apparatus of the most highly developed mmd is 
but the instrument by which these impulses seek their satisfaction 
. . Take away these instinctive dispositions with their powerful 
mechanisms, and the organism would become mcapable of activity 
of any kmd, it would be mert and motionless like a wonderful piece 
of clockwork whose mainsprmg had been removed ” 

We are all famihar with that somewhat cymcal view of human 
motive which insists on regardmg the mtellect as the mere handmaid 
of our desires, whose function is confined to evolvmg the best method 
of obtainmg satisfaction for our instinctive needs As Anstode 
remarked long ago, it is desire which sets the ends of our actions, and 
It IS the busmess of reason, by which he meant the practical reason, to 
plan the steps by means of which these ends may be realized 

Reason, m other words, cannot accomplish anything by itself, it 
must be prompted by a precedmg desure before it begins to operate. 
It is the engme of the ego and desire is the steam whi^ makes it go 
Now It would be easy to show, and many wnters are fond of 
showmg, that the supenonty of the savage to the ammal and of the 
avdized man to the savage is to be found precisely m his greater 
power of givmg effect to his desires This greater power he possesses 
m virtue of the greater effiaency of the tool which he has evolved — 

USX — p 
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that IS to say, his reason, it furnishes him not only with justifications 
for what he instmcuvely wishes to do, but with arguments for what 
he instinctively wishes to beheve Thus all avilizcd nations arc 
enabled to persuade themselves that they arc in the nght when they 
wish to make war, and mdividuals comfort themselves with the behcf 
that they arc performing a salutary duty when they wish to make 
themselves unpleasant The savage, not being so effiaent m the use of 
reason, does not feel the same need of moral justification, and is, 
therefore, able to mdulgc his instincts without being under the 
necessity of proving himself cither a dupe or a hypoente 

Now It IS precisely this view of reason, as a faculty which has been 
evolved to find a means of satisfaction for our instmcts, that is coun- 
tenanced, although not exphatly advocated, by McDougall’s view 
of mstmet and by many schools of modem psychology 

THE QUESTION OF FREEWILL 

By insistmg that reason cannot imoate anything, this view depnves 
us of the power of firecwiU It is true that our reason is set gomg by 
our instmcts, and that these instmcts really arc ours, but it is equally 
true that on this view we can neither give an account of them nor 
can we control them 

It IS usually held that withm limits we can say that we wiU act like 
this or act like that, although it is agreed that we caimot say that we 
wtH feel like this or feel like that. Our instmctive needs and instmctive 
rcacnons arc not, m other words, withm our control, mdeed, they 
often embarrass us by occumng m opposition to what we know to be 
our mtcrcsts, for our acuons, however, we ore, it is thought, respon- 
sible But can we on McDougall’s theory even say that we will act 
like this or act like that? Most people beheve that m addition to the 
instmcts and the desires that sprmg from our instmctive needs, we 
possess what is called a will, m virtue of which we arc enabled to 
repress any mstmet or desire promptmg us to activities which are 
repugnant to our moral sense This process is known as rcsistmg 
temptation In order, however, that it may be effective, it is necessary 
that the wiUshould be able to act freely Now can we, on McDougall’s 
view, claim' for it the capaaty for spontaneous action? It scarcely 
seems so 
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There is considerable controversy over the nature of the will, into 
which we have not space to enter here, speaking generally, however, 
we may say that it must he either rational or else instmctive m 
character If it is instmctive m character, an instmct, to use the term 
m a wide sense, whose function it is to ally itself with reason with the 
object ofkeeping m check the other instmcts, then its success or failure 
on any particular occasion will depend upon the respective strengths 
of the wiU and of the instmct which the will is seekmg to suppress. 
The case, m short, is one of two warring instmcts If the instmct to 
suppress is the stronger, we resist the temptation, if the weaker, we 
yield Smce, however, we cannot be held responsible for the com- 
parative strengths of the two instmcts, we cannot be held morally 
accountable whichever way the issue goes If, on the other hand, the 
wiU IS rational, we must, on McDougall’s view, conclude that it can 
only begm to operate if there is an instmct behmd it. If it requires an 
instmct to cause us to think about the differential calculus, it will be 
no less the dnvmg force of instmct which causes us to restram our- 
selves from lymg, from boasting, or from steahng And smce, 
whatever views we may hold with regard to the freedom of the will 
on general grounds, the prompting of our instincts is usually regarded 
as a matter outside our purview, the rational self-control on which we 
pnde ourselves as the basis of a good or strong character must, like 
a good eye at games or a plaad temperament, be consigned to the 
category of those attnbutes which we possess if we arc lucky, and 
lack if we are not. It is not the existence of what is called self-control 
which IS denied, but our responsibihty for its exercise On this view, 
then, ethics and all that educs imphes is a fiction, it is rationalization 
of instmctive processes by beings whose vamty is gratified by the 
behef that they are moral, but it is a rationalization which is itself 
undertaken at the impenous behest of instinct. 

CRITICISM OP THE FACULTY PSYCHOLOGY 
But IS It after all necessary to accept this view? In order to answer fliK 
question, let us begm with McDougall’s theory of instinct upon 
which It is founded. How far, it may be asked, are we justified m 
treating the instincts given m McDougall’s list as distinct faculties at 
all? We spoke above of certain needs which seem common to human 
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beings, the needs for food, for sex, and for soaety, these, we said, 
were fundamental in the sense that failure to satisfy them mvolved 
the death, or at least the senous impairment of the mdividuat Now 
these needs have a further and equally important characteristic, they 
tend to recur at regular pcnods as a result of mtemal disturbances 
which are probably largely physiological m character For this reason 
we may perhaps regard as mstmctive the activities to which they 
prompt the mdividual, m the sense that these activities, bemg of the 
nature of automatic response to mtemal stimuh, are outside our 
consaous control We can give no account of why we become 
hungry, we just do 

If, then, we may justifiably regard the activity spnngmg from this 
type of need as mstmctive, m what sense can we apply the word 
“mstmct” to the items on McDougall’s list? The mstmcts to combat 
or to construction (two mstmcts which figure on the hst) are not 
pcnodically recurrent, nor does the failure to satisfy them lead to 
senous harm to the mdividual They do not, therefore, seem to be 
fundamental facts of our nature m the sense m which the need for 
food or sex is fundamental, and they arc far firom being umvenal 
It IS probable, then, that we should be nearer the truth m regarding 
them merely as types of response to particular situations, or as charac- 
teristics of the activity which we call life of which we can give no 
account whatever, except to note their prevalence m some mdividuals 
and then absence m others We arc movmg here m the direction of 
regardmg mstmcts, not as separate mental imits, but as characteristics 
of certam types of behaviour, or, if the metaphor be preferred, as 
facets of a general stream of life 

It IS m the same direction that we must look for a correct account 
of the relationship of mstmct and reason The difficulncs of 
McDougall’s theory arise fi:om his treatment of reason and mstmct 
as if they were two distmrt thmgs If they were, m fact, distmct, then 
there would be good grounds for supposmg that reason was depen- 
dent on the promptmgs of mstmct, smee m depnvmg reason of any 
admixture of the dnvmg force of mstmct wc should by defimtion 
have rendered it powerless to act on its own account But the mmd 
IS not a bundle of distmct fcoilocs, and there is consequently no such 
thing as mstmct uninformed by reason, or as reason uninspired by 
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instinct. It IS, of course, qmte true that m one sense we never do 
anything unless we want to; but that does not mean that when we 
want, for example, to do mathematical problems our wantmg is one 
thing and the rational activity to which it prompts us is another A 
better way of putting it would be to say that in all our activities we 
are impelled by a drive of impulses which express themselves some- 
times in behaviour which is called instmctive, as when we seek a 
mate, sometimes, as m the case of the mathematical problem, m what 
are called mteUectual operations, but never m behaviour which is 
either completely mstmctive or completely rational We may say if 
we hke that the sex instmct normally finds satisfaction through non- 
rational activities, and the mstmct of intellectual curiosity through 
rational activities, but both reason and mstmct are present m each 
case, because each is merely a different current of the same stream 

THE ORGANISM AS A CO-OPERATING PARTNERSHIP 
Let me try to make this important pomt clearer by takmg an illus- 
tration from physiology. It is known that the phagocytes or white 
corpuscles m the blood co-operate with the rest of the organism by 
surroundmg and digestmg mtrudmg bactena This beneficent activity 
they carry out not mechamcaUy and under compulsion, but as an 
army of volunteers, each of which is merely obeymg its own spon- 
taneous impulse to co-operate with the rest. “Each phagocyte 
mdeed,” to quote Professor Graham Wallas, “hunts and digests 
nearly as mdependendy as if it were an isolated inhabitant of a warm 
tropical sea A man’s hair co-operates with the rest of his organism by 
protectmg his bram firom blows and sudden changes of temperature, 
but It may go on growmg though the man has ceased to hve. His 
epithehal cells may begm at any moment to proliferate mdependendy 
and so cause death by cancer ” Thus the body may be regarded as a 
collection of semi-autonomous units, each of which is endowed with 
the power of mdependent action The process of boddy evolution is 
a process by which these umts so learn to co-operate with one another, 
that instead of actmg hke an undisaphned rabble, they produce the 
appearance of a homogeneous unit. “The aim of the evolutionary 
development of the central nervous-system,” in Dr Head’s words, 
“is to mtcgrate its diverse and contradictory reactions, so as to produce 
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a coherent result adapted to the welfare of the organism as a whole.” 
In other words, the body is like an army of volunteers working 
together for a common end, the more they work together, the more 
successful the functioning of the body 
What IS significant m this view of the body is the conception of the 
co-operatmg parts of the organism as each posscssmg its own dnve 
Carry over the notion mto psychology, and instead of regarding the 
mmd as a collection of faculties, some of which possess the power of 
spontaneous mitiation while others do not, you will come to think 
of It, on the analogy of the body, as a set of co-operatmg but auto- 
nomous elements, each of which is endowed with the capaaty to 
initiate mental activity on its own account Thought, then, does not 
require the dnvmg force of instinct to set it m motion, it is driven by 
an impulse which is life itself, an unpulse of which instinct is but 
another mamfestation So far so good, but the analogy must not be 
pressed too far, for, taken hterally, it would reqmre us to suppose that 
there are distinct elements or umts m the mmd, just as there arc dis- 
tinct phagocytes in the blood, which is the very conception against 
which we have been argmng Havmg utilized it, therefore, m order 
to borrow the notion of an all-pervadmg impulse of hfe which 
animates each part or aspect, let us concentrate our attention on one 
such aspect, the reason, and ask ourselves whether a reason which is 
credited with the capaaty to function on its own imtiative can pro- 
perly be regarded as reason at all Certainly it is no longer reason 
conceived, as it is m McDougall's view, as a mere instrument, rather. 
It IS reason blended with instinct m an mdissolublc umty, which defies 
any attempt to separate it mto parts Like concave and convex, reason 
and instinct may be usefully distinguished for the purposes of classi- 
fication as different aspects m the whole to which they both belong, 
but to treat them as separate elements, one of which stimulates or 
emplojs the other, imphes a radically felse conception. 

PERCEPTION AND THOUGHT 

This pomt of view may usefully be apphed to the consideration of a 
question which is often discussed by psychologists, the question, 
namely , of thq relation between perception and thought We have 
already rcfcrrctltp the relationship between perception and sensation. 
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and pointed out that, inasmuch as some mental contnbution from 
ourselves is present as anmgredient m every alleged case of sensation, 
there is, m fact, no such thing as a sensation proper But a further 
stage of mental activity is usually supposed to supervene upon 
perception m order to constitute what is called thought. 

Thought IS the faculty of mterpreting our perceptions, of hnkmg 
them with other perceptions, of findmg, m other words, a meaning 
for them We have already mentioned this active function of the 
mmd m the last chapter m connexion with the apprehension of mean- 
mg Our object, then, was to pomt out that this activity was mexphc- 
able on the basis of the matenahst view of psychology Our present 
concern is different, it is to show that just as instinct was found to be 
mdistinguishable from reason, and just as sensation was observed to 
shade by imperceptible degrees mto perception, to be continuous 
with It and inseparable from it, so is perception equally continuous 
with and inseparable from thinkmg Many philosophers have held 
that the nund is fitted up with a sort of mampulatmg apparatus which 
gets to work upon whatever matenal is presented to it, breaking it 
up and transfonmng it mto the objects about which we think If, to 
take an analogy, I had been bom with a pair of blue spectacles perma- 
nently affixed to my nose, I should see everythmg blue This would 
not, of course, mean that the things I saw were blue, but simply 
that the blue appearance was imposed upon them by me as a necessary 
condition of my seemg them at all Now it has often been argued 
that this mental apparatus to which I have referred is hke the spec- 
tacles, or rather it is hke several pairs of them acting together, m 
that It takes hold of the data afforded me by my perceptions, so that, 
by the mere process of becoming aware of fiiem, I do, m fact, 
imperceptibly alter them. This view of the activity of the mmd m 
perception was advocated by the philosopher Kant, who held that 
the mmd .arranged and classified everythmg by means of what he 
called categones, such as space, time, quantity, quahty, VTth the result 
that we never know anythmg at all as it really is, but only m the form 
m which the mmd has worked it up and arranged it for us We are 
here at the sta^g-pomt of the philosophy of Idealism, which 
mamtains that mmd is the only real thmg m the umverse A modem 
form of Kant’s view has been put forward by the philosopher 
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Vaiiunger For him it is the imagination which wreathes fictions 
around the data supphed firom the outside world, with the result that 
there is no reason to suppose that anything we know possesses an 
objective counterpart m reahty which even remotely resembles it. 
“Our sensations,” he said, “produce within the psyche itself purely 
subjective processes to which, m the modem view, nothing m reahty 
— picture It as we wiU — can correspond ” Hence the explanation of 
what we expenence is to be sought m the nature of thought itself, 
rather than m the outside world 

Theoncs of this kind give nse to many mterestmg speculations as 
to the reahty of the external world, which belong rather to philosophy 
than to psychology, and cannot be pursued here W e have mtroduced 
them only because of the emphasis which they lay upon the complete 
mtcrdependence of all mental processes You cannot feel the heat of 
the fire on your hand without perceiving that there is something 
that warms you, you cannot perceive what the something is without 
judging It to be a fixe, you cannot recognize the fire as a fire without 
synthesizing your sensations of it, mterpretmg them m the hght of 
your memory of past expencnces, and, for all we know to the con- 
trary, workmg them up and distorting them out of all recognition 
by means of the mental apparatus which insists on taking charge of 
and transformmg the raw material that comes to it We never get 
any impression from the world raw, it is always cooked, and from 
these cuhnary operations of the nund there is no escape 

SUMMARY 

In this chapter I have tried to present a picture of the mind not as a 
bundle of mental units known as feculties, but as a dynamic ever- 
changing force, the activity of which conforms to a number of fairly 
well-defined types of behaviour According as one type or another is 
most pronunent, we say that one or other of our so-called faculties, 
instinct or reason, as the case may be, is functioning But m point of 
fact the whole mind is present m each of its activities, and all its 
so-called faculties are compnsed m each 

This way of regarding the tmnd is now accepted in the mam by 
most psychologists One of the oldest traditions m psychology, to 
which almost all psychologists have subsenbed, is to distinguish m 
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any given state of consaousness three aspects of the state known 
respectively as the cognitive, affective, and conative aspects (know- 
ing, feeling and stnving) Nearly every expenence, it is agreed, 
presents these three irreduable aspects It is first of aU a knovong or 
a thinking about something, secondly, it is a feehng about the some- 
thing, whether pleasandy or unpleasandy, and thirdly, it is a stnvmg 
towards or away from the somethmg 
In any given expenence any one of these aspects may be more or 
less pro min ent, but each is always present to some extent, even if m 
extreme cases — e g , m that of the mathematiaan domg a problem, 
one of the aspects m this case the affective, may be almost neghgible. 
It follows — and this is the conclusion that we wish to emphasize — 
that there are no purely cogmtive, afiective, or conative expenences 
The aspects we have distmgmshed m mind are hke waves on the sea, 
they are continually changing their form, they merge one mto 
another, and they have no separate existence either from one another 
or from the sea which owns them Yet just as, however smooth the 
sea, there always are waves, however shght, which can be dis- 
tinguished m though not separated from its movement, so m expen- 
ence we can always distinguish aspects m which the min d as a whole 
IS at any one moruent expressed If we steadfasdy adhere to this 
attitude to mental processes and apply it constandy throughout our 
psychologizmg, we shall avoid many of the mistakes which, psycho- 
logists have made m the past 
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THE THEORY OF THE UNCONSCIOUS 

IMPORTANCE OF THE THEORY 

I T WOULD BE misleading to conclude this outhne of modem 
psychology without givmg some account of the theory of the 
unconsaous, although we have space only for the bnefest sketch 
The theory of the unconsaous is chiefly of importance for psycho- 
therapy — that IS to say, for the practical treatment of nervous diseases 
and psychological abnormahoes, and belongs, therefore, rather to 
what IS called psycho-analysis than to psychology proper In so far 
mdeed as those who approach psychology from the psycho-analytic 
standpomt have sought to present a complete picture of the working 
of the human imnd, they have been largely unsuccessful But although 
the theoretical basis of psycho-analysis is highly questionable, there 
can be no question of the success which has attended the methods 
adopted by psycho-analysts in treating nervous diseases These 
methods have been largely based upon the assumption that the 
unconsaous as conceived by Freud is not a convement hypothesis, 
but a faa, and tlie psychologist is, therefore, obhged to take nonce 
of a theory as to the origin and nature of mental processes which m 
pracnce has been so fruitful of results The subject is also important 
for another reason If all that the most extreme supporters of Freud 
assert about the unconsaous is true, then none of our consaous mental 
processes are free, they are condmoned m every case by unconsaous 
elements whose genesis escapes detecnon, and whose worlongs evade 
control This conclusion, if true, is of the first importance for 
psychology proper 

I propose, therefore, m the brief space at my disposal, to try to 
present m outhne the picture of our psychological mtenor, with 
which the wuiungs of the late Dr Sigmund Freud, the Viennese 
psychologist, have made us fanuhar, and to give one or two illus- 
trations of the hfc of Its inmates Before domg so, however, I should 
like to pomt out — 

1 That the thconcs of Freud are not accepted either by all psycho- 
logists or by all psycho-analy'sts Another important psycho-analyst. 
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Dr Jung, of Zunch, while accepting in prinaple the Freudian theory 
of die unconsaous, amved at very different conclusions as to its 
nature and the influence it exerts on consaousness 

2 That the whole theory of the unconsaous is as yet pure hypo- 
thesis, and that not only do many psychologists refuse to accept it, 
but there is no sort of agreement among psycho-analysts themselves 
as to many of its sahent features 

3 That, nevertheless, there can be no doubt of the important 
influence which the theory of the unconsaous has exercised upon 
modem psychology For this influence Freud is more than any other 
thinker responsible His first book was published as long ago as 1892, 
his last m 1939, and he may jusdy be regarded as the founder and 
chief exponent of psycho-analysis It is for this reason that I have 
chosen his conception to form the basis of the foUowmg sketch 

THE FREUDIAN INTERIOR 

The mdividual’s mental mterior may be hkened on Freud’s view to 
a house with two floors, one of which is a basement Each floor is 
inhabited by a different family. The ground floor family (the con- 
saous) IS small, select and respectable It is conventional in the 
English way — that is to say, it is anxious to keep itself to itself, while 
at the same time determined to put up a good show before the 
neighbours In this laudable endeavour it is continually embarrassed 
by the activities of the basement (the unconsaous), which persists in 
the attempt to elevate itself m soaety by mixing with the family on the 
floor above It is a large, primitive, untidy, disreputable sort of family, 
this basement lot, noisy and selfish, carmg not a fig for respectabflity, 
and a prey to unbridled desires which it msists on satisfymg without 
regard to the feelings of others Apart from its laudable endeavour to 
raise itself m the soaal scale by penetrating upstairs and its volcamc 
energy, there is nothing good to be said for it So at least the ground 
floor thinks, and, accorduigly, with a view to keepmg these unpleasant 
naghbours down, its inmates have hired a sort of poheeman (called 
by Freud the censor), placed him on the staircase between the two 
floors, and charged him with the job of preventing the basement 
people firom getting access to their own floor. It is upon thisjob that 
the poheeman is permanently engaged, with the result that there is a 
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perpetual senes of conflicts on the stairs 

These conflicts may issue m one of three ways — 

1 The pohceman may succeed m keepmg a basement mmate 
permanently and effectively under Thus, demed access to hght and 
air and depnved of his natural oudet, this thwarted mdividual (un- 
satisfied desire) may go bad and fester, hke a stream that is dammed up 
and overflows mto a stagnant marsh (complex), he may come, m 
time, to poison the whole of the house, affecting, however shghdy, 
the activity of each one of its inmates (neurosis) 

2 The basement inmate may wm through m spite of the pohce- 
man, but only on conditions — namely, that he consents to be furbished 
up and made respectable The violence of his primitive mdmduahty 
must, in other words, be toned down somewhat to accord with the 
conventions of soaal usage This process of being made fit for decent 
soacty (subhmation) may alter the primitive basementer out of all 
recognition (Thus an unconsaous desire to elope with your house- 
maid jJKjy be subhmated into a sudden aversion firom pickled walnuts ) 

3 The basement mmate may come through unaltered This 
happens when the pohceman is off his guard, espeaally when he 
goes to sleep Hence m dreams we arc firequendy brought face to face 
with the inhabitants of our basements, and although, when we try to 
remember our dreams on wakmg, the pohceman returns to his duties 
agam and distorts the dreams m the process of recollection, dream 
mterpretation is regarded by psycho-analysts as one of the best 
methods of disclosmg the hidden secrets of our unconsaous selves 

Many psycho-analysts hold that all the inhabitants of our ground 
floors arc sublimated versions of the inmates of our basement selves, 
and members of the Freudian school assert that all or almost all our 
basement desires arc sexual m character, although it should be added 
that the word “sc\” is used by them m a sense so wide as to be to all 
mtents and purposes teclmical 

Our mental hfe, then, may be likened to an iceberg, the part of it 
that appears to \new is only a very small proportion of the whole, 
V hat IS more, it is not the part that really matters We used to think 
that V c could to some extent control our thoughts and desires, and 
that ivc could, therefore, to a large extent be held accountable for 
what we did The plam man m particular has been taught and is 
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accustomed to believe that there is m his soul an element or faculty 
called the consaence The consaence acts rather like a barmaid m a 
pubhc-house* the barmaid would permit the mdulgence of a desire 
for a certam time and up to a certam pomt, and then “Time’s up, 
gentlemen,” she would say, “ out you go,” and out the desire would 
go, whether we liked it or not. l£, however, the Freudian view is 
correct, consaence itself is a subhmation of an imconsaous desire, 
and we are no more responsible either for its appearance m con- 
saousness or for the strength which it exhibits, than for the appear- 
ance and strength of the other desires it seeks to control In this 
respect Freud’s theory issues m conclusions not dissimilar from those 
of Professor McDougall’s theory of mstmct which we considered in 
the last chapter, and hke that theory, has the effect of senously 
under mining the basis of moral responsibihty 

REMARKS ON THE UNCONSCIOUS 

I have no space for a more detailed examination of the theones of 
Freud and other psycho-analysts; nor is this the place for a cnticism 
of them It will, however, be suffiaendy obvious, from what has 
been said with regard to the so-caUed “faculty” psychology m the 
last chapter, that the endeavour to conceive of the human “mtenor” 
m the somewhat picturesque terms that psycho-analysts adopt is 
bound to be misleadmg We have argued against the assumption 
that the mmd contains separate faculties, such as mstmct and reason, 
and the same consideration must apply to consaousness and the 
unconscious conceived as distmct and persistent states 

The notion, for example, of an unconsaous as a land of imder- 
ground dungeon m which repressed desires remam imprisoned, 
awaitmg a means of escape, is far too dramatic to be accepted even 
as a symbohc representation of what occurs When we temporarily 
suppress or forget a desire which subsequendy recurs, we have no 
more ground for supposmg that it has somehow somewhere persisted 
all the time than, to use a simile of Mr. Ogden’s, we have for regarding 
“ the return of spring each year as a proof that she has been lurkmg 
undergroimd all die wmter.” 

What persists is probably a certam pattern of the nervous centres, 
of the type which we described m Chapter Two. When the need which 
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prompted the ongmai wish recurs, it finds this pattern awaitmg it, 
and accordmgly appears m our consaousness as a completely formed 
wish, carrymg with it the feehng that we have expenenced it before 
It IS on hnes similar to those laid down m Chapter Two that many 
phenomena, which psycho-analysts mvent highly dubious entities 
and faculties to explam, may be more correedy mterpreted 

But though the theory of the unconscious upon which most 
psycho-analysts work may be somewhat crude and over simple, there 
IS no denying the eflFectiveness of the cures which have resulted from 
an apphcation of psycho-analytic methods These methods have 
aimed at tapping the unconsaous depths of the mmd, and brmgmg 
their contents to the surface, and their vahdity rests, therefore, upon 
-the assumption that the mmd, like the spectrum, has certam mvisible 
extensioiis, which are as important and as susceptible ofmvesQgation 
as Its visible regions The fact that these extensions must be conceived 
m terms of particular settmgs of the nervous centres rather rhan as 
pook or reservoirs of persisting desires does not affect die great value 
of Freud’s work 
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CHAPTER ONE 


ASPECTS OF THINKING 

E very ONE THINKS. Not every one thinks clearly Most people 
imagine they think clearly Those who know they don’t think 
clearly are thinking clearer than those who don’t 
As you read these hnes you are thinking We need not consider 
now where exacdy this thinkin g is taking place — the head or more 
particularly m the brain, or whether it can be located at all exactly 
All we need accept is that this thinkin g is bemg earned on by an 
organ inside your body. Also for the moment we do not consider 
the particular thmgs with which the thinkin g is concerrung itself, 
what we wiU call the content of the thought, although that is really a 
very important part of the whole process, just that you are a human 
bemg, the seat and agent of thought 
So when I look at you m these circumstances I realize that, as you 
think, some process is gomg on “out there ” I can say that your thmk- 
mg is an objective process, meanmg thereby that it does not matter 
much whetker I am looking at you or not, the thought process con- 
tinues to go on m your head or m your body nevertheless As far as I 
am concerned your thinking takes place objectively, that is my first 
conclusion about your thinkin g 

I am not the only person concerned about your thoughts, I am only 
the onlooker You yourself are more mtimately mvolved m it than 
any one else You are the seat of the process, you are doing the think- 
mg and you are expertaiang it You make contact with your thoughts 
mtemally, or as one says subjectively. You expenence an aspect o£your 
t hink i n g that no one else gets I can imagme what it is like, because 
I also do t hinkin g, but as far as yours is concerned, you alone expen- 
ence this mtemal, this subjective aspect of your thoughts That is the 
particular or personal side of your activity, nevertheless it is one com- 
mon to us all 

We say then that thinkmg has at once both a subjective and an 
objective aspect, or that the process called think ing exists objectively 
and IS experienced by the thinker subjectively 
When you are thinkmg somethmg speaal is happ ening to your 
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bram It is undergoing some change If I could see through your skull, 
I imagine I could watch these changes occurnng They are accom- 
pamed by tmy electnc currents over your bram Professor Adrian has 
actually devised a dehcate electnc instrument for following them as 
they occur dunng thinkin g Once agam we need not concern our- 
selves with the detailed nature of the movements that are takmg place 
there They do occur objectively In that sense they are not different 
from the changes that take place, say, on the surface of stone, the land 
of effect we call weathenng There is nevertheless a vital difference 
between the case of the stone and that of the bram, the difference 
between hvmg and non-hvmg matenal, between animate and mam- 
mate matter Although both show objective appearances of change, 
evidence seems to show that only animate or hvmg matter experi- 
ences these changes subjectively Ahumanbemgiscutwithakmfe A 
pencil IS sharpened In both cases the cut occurs and exists objective- 
ly , m the case of the hvmg bemg only, is the cut expencnced also sub- 
jectively There is no meanmg to the word subjective m the other case 
The first pomt we have to seize hold of, therefore, is that while 
thmkmg is a process that ocemrs objectively, that process is expen- 
enced, or felt, or sensed subjectively only by the thinker It is some- 
thing else that the onlooker gets out of your thoughts We can perhaps 
appreaate this pomt m another and more stnkmg way if we take an 
analogy to a certam form of thought, viz , memory, thmkmg of the 
past Pick up a stone on a mountam side, and examme it closely It is 
chipped m places, covered with scratches, some deeper than others 
One side is more weathered or affected by air and moisture than 
another If it were worth while you could piece together a great deal 
of the past history of that particular stone from a close study of these 
surface effects Had the stone been a human bemg, every scratch and 
knock that left its effect on the surface would have corresponded to 
an experience that would have been subjectively or mtemally felt by 
the person In varymg degrees he would have remembered them The 
scratches and weathenng would represent the physical side of the 
stone’s memory, if it had one Once agam note that the word memory 
IS only used for those cases where there is also a subjective side, for 
remembermg is thmkmg about past events Thmkmg is always con- 
duacd m the'^rcsent, but the centre of thought may be an image of 
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the past, a thing of the present, or a constructed image of the future 
How does an outsider become aware of the existence of the process 
gomg on inside the thinker? After all we do not see through people’s 
skulls Can thinking be conducted without any outward evidence 
showing itself? If mdeed this were so how could we ever collectively 
get to ^ow of Its existence? We would have to imagme ourselves as 
unmobile creatiues with glassy stare, stiff bps, and paralysed limbs 
We would not be human bemgs at all For thinkmg does not show 
Itself to us m molecular movements m the bram, but m speech sounds, 
movements of the bps, glances and twinkles of the eye, gestures of the 
head, hand and arm. It shows itself m behaviour. It shows itself m 
action and m the relations between successive actions we perform We 
recognize a plan, a pattern m the activity, and we conclude that the 
mdrvidual has been domg something we do ourselves, thmking 
Take speech for instance It is one of the outward, visible, and audi- 
ble signs that dunking is talang place. The thinkmg may or may not 
be good, accurate or clear, but the fact remains that such muscular 
movements of the throat or bps are almost mvanably a sign to us that 
thought of some kind is takmg place 
There is ample evidence that this is so. Indeed, those who assoaate 
themselves with what is called the Behaviourist school of philosophy 
even assert that thought without speech m some form, however primi- 
tive, is an impossibihty, that even when no soimds are emitted, what 
wfe call thinkmg is always accompamed by muscular movements of 
the throat They go further than this They say that smce that is all 
you can see, smce all else is unobservable, you have no nght to suppose 
there is any other side to it. Thus to them thought is muscular con- 
tractions of the throat The two are identical, they maintain. Now 
we have already perceived that thinkin g is both a subjective and an 
objective process When an mdividual thinks, he may mutter to him- 
self, pucker his brows, walk up and down When he reads or writes 
“with concentration’’ we say he is carrymg through a task that 
mvolves “bram work,’’ and these are also some of the signs we usually 
assoaate with thmkmg by human bemgs They are to us aspects of 
the whole thmkmg process The Behaviourist stops at this stage and 
asserts that these are really all we can mean by thinkmg. He asserts 
this because he insists on restnetmg himself only to the outward signs 
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Visible to the onlooker But after all, seeing is not the only way we 
perceive things and processes We may smell them, hear them, and 
feel them Can we smell, hear or feel another person thmking? Rigor- 
ously of course if we maintam the attitude of the onlooker, we wiU 
only look on, we wiU only see, but we are thereby unduly restncting 
our powers to deal with die situation. Bhnd people think and can tell 
from speech and gesture when others are thinking In an mdircct way 
we can enter mto the thought processes, or appreaate tie course of 
these thoughts, of someone else That mdirect way is through our 
own subjective view or feeling of our own thoughts But the 
thoughts that we feel m this way, thoughts that I am c allin g our 
own are aroused m us by the particular sounds emitted by the other 
person The motion of the bps, and the sound emitted convey to us 
an expression of the feehngs and mtemal reflections of the thinker, 
by arousmg m us what we must suppose is a similar tram of thought. 
What this really amounts to is that we assume or infer, that when 
another mdividual says something, the mtemal or subjective feehngs 
he has are similar to those we have when we use the same words In 
spite of any doubts that may arise concemmg the justification for 
this inference, to the ordinary listener it is these speech signs and 
what they evoke, the mental images and pictures, the feehngs of 
assent or dissent, that represent the most important element m 
thought shanng and thought passage They produce a subjective 
reaction that to each of us is much more important than the muscular 
movements themselves, for the latter are to the speaker and to us 
simply the instrument for expressing his thoughts and evokmg a 
response from us This could be done by a gramophone It is done by 
a book It would appear diereforc that the Behaviourist m refusing to 
recognize the existence of anythmg other than the instrument itself, 
the speech mechanism m this instance, is restncting himself simply to 
one very tnvial aspect of the problem of thought commumcation 
Now there is a very important lesson m all this for us To see this 
let us go back to our illustration of the stone, weatherbeaten and 
scratched, as we discovered it on the hiU-side What a marvellous 
dcscnption of its past histor}’’ could be built up by a modem sacntific 
Sherlock Holmes, equipped as he would be with profound geological 
know ledge, powerful microscopes for examining the surfacescratches 
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and undulations, and the grains of foreign matenal that adhere to the 
surface, chemicals and balances for analysmg the composition of these 
chngmg particles, apparatus for hardness tests to discover die pressure 
and force of the blows and of the scrapmg it has undergone By the 
time Sherlock Holmes had completed his mvestigations, smoked his 
many pipes as he pieced his evidence together, and pondered carefully 
his conclusions, you can depend on it he would have a fascinating tale 
to teU his fiiend Dr Watson, a tale of wandenngs, roUmgs and jolt- 
mgs to which the stone had been subjected over a long penod of its 
past history, perhaps thousands of years Endow your stone with a 
bram, not too good a bram — rather an infenor one — a stupid bram 
Endow It with feehngs and the power of language at a level to be 
expected of that bram and those feehngs That is to say, suppose it 
has-words to describe its feehngs, its thoughts What could it not teU 
us of Its wandenngs, its hairbreadth escapes, the agonizing blows it 
was struck, the torture of the scratchmg and nppmg it endured Of 
the stone’s own impression of its expenences, Sherlock Holmes could 
have told Dr Watson but htde With his fertile unagmation he could 
possibly have suspected but he could not have been certam of the 
whole story. He would require feehngs and droughts similar to those 
of the stone, to appreaate it properly Can we ever imagme what a 
sparrow feels when caught m the claws of a cat^ The higher the level 
we have attamed m sensitiveness, the further are we removed from 
creatures less endowed m that respect, and the more difficult is it for 
us to descend emotionally to the lower level 
The picture can be reversed How much of the history that the 
saentific detective had pieced together would the stone know? 
Exated and overwrought as it was dunng its struggles, what could 
It know of the dispassionate analysis of the geologist, the chemist, the 
physicist The conclusion is obvious The foil story requires bodi the 
external and mtemal view It has to be seen and it has to be felt, it has 
to be looked at objectively and it has to be expenenced subjectively 
Each presents us vuth only a partial picture For let us remember that 
the more strenuous the expenence the more positive would the stone 
be of the nature and explanation of its travels, and therefore the less 
competent to see the whole affair objectively, that is to say, as seen by 
the observer 
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The converse is also true The more objective one is, that is to say, 
the more one is a mere onlooker, the less competent is one to enter 
into the affair subjectively It follows, therefore, that smce events that 
affect human bemgs, and mdeed also animals, have both a subjective 
and objective aspect, we will certainly be deludmg ourselves if we 
imagine diat either a purely objective or a purely subjective treatment 
is anythmg hke adequate for the whole story If we were to use the 
word truth to stand for “the whole story” then neither approach m 
Itself can lead to truth 

There is, however, more m it even than this How often have we 
heard the phrase “I feel mtensely that this is true ” No doubt. The 
statement m itself is evidence of the mtensity of the feelings, but is it 
evidence of truth? Many people m the past have been convmced and 
passionately convinced, of the truth of falsehood Many martyrs m 
history have gone to the stake m the false behef that they were dymg 
for some eternal truth. The statement quoted reflects rather the sub- 
jective and mtemal aspect of something that takes place externally, 
but whether the rcadmg of that event denved from mtemal evidence 
alone is consistent with the evidence that would be obtamed externally 
IS another matter For this question of evidence, and this matter of 
“tmth” are difficult affairs about which words must not be used hghtly 
or conclusions amved at without due regard to all the circumstances 
We have to remember this when we meet people whose conviction 
of truth, and the vehemence with which it is expressed, is offered as 
evidence of the accuracy of what they assert Certam “truths” may 
of course be m ainl y subjective, and objective evidence merely circum- 
stantial For example, if you tell me you feel a pam, how can I “venfy” 
(note the word — vcnfy=make true) your statement You know 
whether or not you have a pam You know by feel It is a fechng 
That IS what the word pam is used for, to describe what you know 
you feeL If you are a schoolboy, and you tell me that you have a sore 
throat, and cannot therefore go to school, all I can do is to wait untd 
you have managed safely to evade school, and as soon as I hear you 
smgmg or shoutmg loudly, pounce upon you tnumphandy with the 
remark — 

“A boy who has a sore throat doesn’t behave hke that'” I check 
} our statement against the evidence of other human bemgs m cases 
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where people say they have sore throats Just as I had to deduce or 
infer the existence of your thoughts from your behaviour so also I 
have to infer the existence of your feehngs from your behaviour I 
check the theory suggested by your words that you have a pam, 
against your behaviour 

Many people “think” with their feehngs Here I am usmg the word 
thmk m a sense different from before We have regarded t hinkin g as 
a process assoaated with the bram, but we saw also that we, onlookers 
on other people’s thmking, concluded from behaviour whether or 
not they were thinkin g. Now, thinking is not the only process^ that 
can be seen through behaviour Feehng as much as thmking shows 
Itself m action m tins way 

“He IS very emotional,” we say, when we mean that m certain 
circumstances the mdmdual is “earned away” or is “overcome ” We 
suppose that his actions are bemg deaded pnnapaUy by his feehngs, 
rather than by his thoughts 

“He IS cold and calculadng,” we say, when his thmkmg gmdes his 
actions, and his feehngs are smothered 

Now do not let us assume that “correct” action is necessarily to be 
deaded either by thought or by feehng, either by bemg cold and 
calculatmg or by being emotional Many a person has emotionally 
rushed to do the correct thmg Many a person has thought out his 
course of action carefully and done the wrong thin g Right action 
and wrong action (or shah, we rather say correct or false action?) 
may have to be discnmmated not by the process of amvmg at the 
decision, whether by thought or feehng, but by whether “objec- 
tively” the action fits m with the process we mtended to brmg 
mto bemg All this we shall have to enter mto m greater detail later 
on, but for the present we can see that correct or false thmkmg is not 
such a simple process as we may have imagmed, that somehow or 
other It IS frequently mterlocked with correct or false feehng, and 
correct or false action Furthermore, that smee thmkmg has also a 
subjective aspect, it is probably in this respect that it links up with this 
question of feehng, that continually obtrudes itself m this discussion. 

But first we must get ourselves straight on the use of words Already 
m this chapter we have seen how easdy we tend to use words loosely, 
and to confuse our thmkmg by that very looseness of expression 
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THINKING ABOUT HUMAN SOCIETY 

I MAGINE HUMAN HISTORY as a pageant Set out along a stiip of 
film about fifty feet long and unrolling itself firom a dun, uncertain 
past, through the dark mght of the Middle Ages to the defimte out- 
lines of the present Here it vanishes abruptly At one end our 
ancestral parent, scarcely distingmshable firom the modem ape, gropes 
with blurred mmd through a world he cannot realize, hfe a perpetual 
physical struggle, food above all his first consideration At the other 
IS the alert member of a modem avilized commumty, m masterful 
control of the forces of Nature, earned about hither and thither with 
mcrediblc speed, withui a few mmutes m direct commumcation by 
wireless or telephone or telegraph with any other mdmdual on the 
planet, the mhentor of a higUy complex soaety with elaborate 
amusements, hterature, music, saence, mtneate machinery for the 
provision of food, shelter, clothmg and the satisfaction of his cultural 
mterests How has this transformation taken place? Let us examine 
this film in detail, a full hour to allow this fifty feet to unroll before 
our eyes, a motion picture, displayed with an mcrediblc slowness 
which IS nevertheless essential if we are to study it Forty-mne feet 
of film creep steadily past our eyes A bare nunute now remains of 
the hour, and yet we have scarcely seen man pass beyond his early 
savage stage Why has he moved so slowly throughout the ages? At 
last the beginmngs of avihzation appear Fifteen seconds from the end 
while but three mehes of the fifty feet remam, the Christian era begins 
As the film creeps slowly on, and the last few seconds beat out, events 
begin to flash past wth gathering speed Two vital seconds are 
absorbed m the darkness of the Middle Ages, a cmel avihzation 
steeped m mysticism and magic An eighth of an mch from the end 
vnth -y et one second to go, “Puffing Billy” flashes momentarily mto 
wew, and modem transport has emerged, the Industnal era has begun 
With the last half-second there is a sudden lUuminaDon by elcctnc 
pov cr and the modem world flashes m, withm the last thimedi of an 
mch, awaaon and wireless Visually we can discnmmate no more, 
slow’, tediously slow as the film lias moved, the speed of change dur- 
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mg the last quarter of a century is yet too fast for the eye to discern 
even the broad phases of what has happened It finishes m a momen- 
tary blur. We pick up the film at our leisure and examme the end 
To what heights, we wonder, must these human beings have risen, 
who m such an mcredibly short span have shot up god-hhe m their 
mastery over tune and space? The film tells us At a distance equal 
to the thickness of a fine hue from the end the chmax from savagery 
to culture is reached, civilized man steeps himself m an orgy of blood 
and slaughter on a world scale, bringmg to bear the highest refine- 
ments of brutahty and the greatest powers of destruction with which 
he has succeeded m providing himself. 

Such m bnef is the history of avihzed man 

What of his future? Dare we predict even a hair’s breadth beyond 
the end of the film? 

Why this slow flickenng of a flame throughout the ages, why this 
sudden nse to bnlhance? What has dnven it on? How has it all 
happened? 

If we are to discover how we do think, this is the picture we shall 
have to keep continually before our mmds We must know who we 
are, where we came firom, and what has happened to us We shall 
have to see ourselves objectively, as people that fit somewhere mto 
this picture, subjectively as mdividuals with feehngs and desues some- 
how assoaated with what has happened to us throughout all these 
long ages, members of that long procession that stretches throughout 
the 500,000 years from early primitive man to the present day We 
shall have to discover what we have inhented from that vast hneage 
For do not let us unagme that we can ever firee ourselves completely 
firom the shackles of the past. Scarcely more than 10,000 generations 
separate us firom that gmming parent of ours who hved on what he 
could capture firom the wdd, tearing it hmb firom hmb as he devoured 
It alive 

We are closer to the savage than we may unagme It is unhkely that 
the htde upstart, modem man, emergmg so recendy firom an atmo- 
sphere of hate, and fear, and suspiaon, can have done much more 
than press below the surface many of the habits and moods that 
governed the hvesofhis forefathers for mnety-eight per cent of their 
wandermgs on earth as men Our problem is to see this question of 
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thinking m its true perspective We may go hopelessly astray unless 
that perspective be histoncal and soaal m the first place For men 
have always been fragments of soaety, coloured and conditioned by 
the environment they thrived m, and this film, if it does nothing more, 
brings out to us how much of that environment was pnrmtive and 
wild, how much of it was unposed by the combat with natiue 
Now the first point to recognize is that in the case of no other 
animal could such an histoncal picture be produced Animals cer- 
tainly have evolved and some have changed m shape and appearance 
considerably throughout recorded time Horses of Eocene times, for 
instance, were of the size of dogs, runmng on five toes instead of a 
hoof What we have seen here, however, has not so much been the 
changes that have shown themselves m the physical make-up or the 
outward appearance of man, as in the soaety he has created If one of 
our ancestors, say 50,000 years ago, were washed and shaved and 
dressed m evening clothes, I have no doubt that, apart from his soaal 
behaviour, he would nowadays pass unnoticed at any banquet Or 
we can put it m another way There are many human beings m 
present-day soaety who, in all but hair and social habits, and some- 
times even m that, nught well be members of the soaety of prunitive 
man 

The first cruaal pomt of difference between man and other animals, 
therefore, would appear to he m the fart that he has a highly organized 
soaal life How has it come about, then, we may ask, that man has 
succeeded where other animals have ffiled^ Have they indeed failed? 
After all, he is not the only animal that hves in herds, nor is he the 
only hve thing that hves in a complex soaety Ants and bees hve m 
commumocs and have a highly involved code of behaviour, could 
not a similar picture be drawn for them^ 

And here a word about the very language we have used m raismg 
dus issue Why do we say that man has succeeded in building up a 
developing soaety, and ants and bees have failed^ In domg so we 
seem to be implying a dehberate and consaous effort on the part of 
both There was certainly no such consaousness As we s h a l l see m 
a moment, m the case of man success depended pnnapally on the 
possession on the part of man of certain physical characteristics that 
no other ammal or insect possessed to anything like the same degree 
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Each generation of human bemgs begins hfe with relatively few 
inherited instmcts, and what few there are are rapidly altered or trans- 
formed as the child undergoes its training from its earhest days His 
physical appearance and his bodily structure he mhents from his 
parents, m exactly the same way and according to the same laws as 
with any other ammal His capaaty for learning is, however, assoa- 
ated with his bram, and it is the bram of man that is umque among 
his brothers of the animal world This must not be understood as an 
assertion that “mteUigence” is, m mdmdual cases, denved from the 
parents What is to be understood by such a characteristic, and how 
It IS to be measured m order to study its mode of inhentance, is a 
difficult problem and by no means yet solved Rather is it man’s 
capaaty to learn and the physical characteristics of the bram known 
to be assoaated with this, viz , his large forebram that remains a con- 
stant inhentance withm the human family When we talk of inhen- 
tance m man, therefore, let us recollect that there are in reality two 
processes gomg on at the same time Individuals inhent physical 
features from their parental stock, and with this the study of genetics 
IS concerned But over and above all this, every new-born child 
mhents, from all previous generations, a vast storehouse of know- 
ledge and expenence, a code of behaviour, habits, and customs As 
a human bemg he possesses a forebram that is so plastic, so sensitive 
to change, that durmg the short span of his hfe he can acquire a frmd 
of knowledge and expenence that is approximately the summation 
of all that has been acquired by past generations of his forefathers 
Every child m this sense stands on the shoulders of his parents, his 
grandparents, and, mdeed, on the shoulders of all previous genera- 
tions His bram bemg such that he also can learn by new expenence, 
he m his turn makes his contnbution to the common stock and leaves 
the world ncher for his havmg been bom 

It IS, then, this power to leam by expenence and to pass this experi- 
ence as soaal capital mto the common frmd that is cruaal for man’s 
evolutionary development 

His power over nature has thus grown by leaps and bounds For 
every child enters mto a world, changed by the discovenes and apph- 
cations, small and scarcely perceptible as they may be, mtroduced by 
all his forbears Each child benefits from these to a greater or less 
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degree and introduces further changes Such a hfe, such a social 
environment, can ne\er be static Change and development is of its 
essence In the mdmdual, crude primary instmcts and habits and 
routme may be of htde consequence or of httle direct value con- 
trasted with the power to learn rapidly how to use, and how to 
benefit fi-om, every change that he and his fellow members of soaety 
can miUate 

It IS highly probable that for many thousands of years ants and bees 
have not changed the routme of their corporate life They have built 
their ant-heaps and their bee-hivesto an unchangmg pattern. Dunng 
this pcnod man has transformed his savage state to that of modem 
commumties Durmg the past three generations, for example. 
Western Europe, m becommg mdustnah 2 ed, has made the whole 
complex of habits and customs of the population undergo profound 
changes It has passed rapidly from the agncidtural and the simple 
handicraft stage to that of a population of dwellers m huge aties and 
slums It has given birth to new mterests and desires, and it has dis- 
covered new methods of satisfymg them In three generations the 
whole balance of its soaal hfe has altered m a profound and revolu- 
tionary manner Compare this with insect hfe What changes m soaal 
organization take place m three generations of ants or bees? Less than 
500 gencrauons ago our ancestors were wandenng savages What 
alterations m ant hfe takes place m 500 generations? 

In nerve and bram structure man is anatormcally a totally different 
type of bemg His speech and his wntings and his educational system 
have made leammg possible withsuch a speed and on such a scale and 
to such a depth that as discovery follows leammg and lear ning follows 
discovery his soaal hfe rises m leaps from one level to another, it 
cannot stand sdll Grosvth and development are now an unavoidable 
part of Its composidon 

Do not let us imagme that because of our achievement m thus 
buildmg up a compheated modem soaety we can pnde ourselves on 
havmg done so dehberately and consaously On the contrary, we 
have bungled and blundered, we have fought ourselves blmdly mto 
It In succession we have tned and erred, succeeded and faded Nor 
arc the instraments we have forged for soaal hfe, the instmmcnts of 
speech and thoilght, of constmeuon and orgamzauon, m any sense 
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perfect. These also we have produced in a blundering and bungling 
way We have muddled through to our present position As new 
discoveries have been made, and new ideas have passed from them 
mto the soaal texture of life, new words have had to be mvented or 
old words have been stramed m meaning to fit the new situation. 
With a gathenng expenence, thoughts and values change, the 
innumerable details of life take on new mterpretations, new feehngs 
and emotions are aroused Language changes m their wake m the 
effort to express these things Thoughts, feehngs, actions, language, 
and soaal background generally, act and mteract on each other, 
sometimes m step, but more generally out of step — a team of horses 
pulling and tugging, but with a pull m the same general direction. 

Speech, m the sense m which we know it, is prmapally for the 
commumcation of ideas, the arousing of feehngs m others, or for the 
issue of direct or mdirect instructions urging them to action The 
existence of a language of sounds therefore shows up one of the most 
significant differences between man and his lower relatives It is a 
sort of word machme, to hand on expenence firom one to the other. 
I am no longer restncted to my own short life for lea rnin g what the 
world has to teach me direcdy. To some extent I can also hve the 
hves of all those others with whom my common language enables 
me to exchange thoughts and feeling, and to compare actions My 
opportumties for learning are multiphed by the number of people 
with whom I can converse 

But this IS only the most elementary step Man has gone very 
much farther. By the mvention of the printed and written word, a 
symbol or sign for the soimd, he can tr ansmi t a sound, as a mark, to 
a time and place it would not otherwise reach; he has thereby 
established a method of bnnging the aeam of the expenence of 
previous generations, and of the creations of outstanding men of 
gemus of the past, to a focus, for all to study who have leisure to 
read. In our hbranes and museums, and m our spoken traditions, we 
have practically all that has survived of the past history of the race, 
available for our present enjoyment and edification Language, wnt- 
ten and spoken, has created a snowball of learning and understandmg 
that grows steadily firom generation to generation. 

In this way it contains withm it the possibihty of dehverance firom 



THINKING 


464 

the confusion of fact with fancy, that atises inevitably in the imagina- 
tion of the mdividual, who must perforce lead a life restncted m 
tunc and place When we look back on some of the isolated com- 
mumoes of earher days we see how their mterpretations of life were 
falsified by their hrmtcd expcnencc Devils inhabited stones, and gods 
dwelt on mountains, thunder was the wrath of angered spints, and 
streams possessed magical hcahng power Witch doctors wielded 
power m virtue of the ignorance of theu fello-vvs , the threat of danger 
fi'om the unknown had to be deflected, and the spints appeased 
Signs and gestures, magic words and phrases, the subde influence of 
the stars, all played their part m the explanation of the unknovm. 
An isolated commumty was httle more than a group of savages 
crowdmg nervously around a tmy spothght of understandmg, dimly 
lUummatmg the small arcle of the known and accessible umversc 
Outside this lay the fearful, the mystenous, the magic 

In such a situation language developed Exp lana tion desenbed the 
knovm m terms of the unknovm, the actual m terms of the fanciful, 
and such a language have we inhented Traces of it soil remain in 
many of our simple, common words Lunatic hterally means moon- 
struck, an mdividual who has come under the influence of the moon 
Here the abnormal behaviour of the mdividual is “explamed” as due 
to a mystenous heavenly agency We may long ago have given up 
this particular fancy, but how many more arc there of this nature 
that we taady accept without question^ 

“We will beat it out of him,” says the teacher or the parent to the 
unruly child “He has a devil m him.” 

In our quieter and “saner” moods of course we laugh such behefi 
and such actions to scorn, but arc we always sane m this respect? Arc 
children never beaten^ 

If a child has acquired a habit of which we disapprove, do we ask 
ourselves the sacntific question — 

“What kmd of an environment is required m order to modify the 
life of this child?” or do we say — 

“He IS bad He has to be beaten ” 

Is this nof frequendy but the anaent attempt to dnve out a devil, 
sm, by physical force, a habit soacty has not yet given up cither m 
pubhc or m pnvatc? Wc may call it disaphnc, we may call it morals 
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or ethics, we may give it any grandiloquent name we care, but the 
fact remains that it may be merely the continuation mto modem 
times of an anaent barbarous custom that has its roots m the fear of 
devils that may possess us What is the modem attitude of many 
people to the doctor but that of anaent times to the mediane man 
and to the witch doctor^ How many people still beheve m the “evil 
eye,” and use the expression habitually m their language? Have we 
eliminated the word luck from the language! Indeed, we can meet 
people every day who beheve m charms Have you a lucky number^ 
Do you object to bemg mamed on a Fnday^ Do you throw spilt salt 
over your left shoulder, perhaps with a laugh, but nevertheless with 
a sneakmg feehng that “there may be somethmg m it”? How many 
people are afraid of the dark? Afraid of what? Unknown spirits? 
Ghosts? You are alone at mght and hear a mystenous tapping It is 
uncanny. What are these words “mystenous” and “uncanny”? Why 
are you nervous? I tell you there must be a perfectly plam and 
straightforward explanation m terms of natural and understood 
events Yet you are nervous How is it that your conduct does not 
seem to fit m with your reason? 

We are a medley of fears and terrors lymg just below the surface 
Separate us from the crowd, separate us from soaety our parent, 
and we are at the mercy of every soimd and shadow We are thrown 
almost at once back mto the pnmitive stage 

Have you ever watched a calf or a lamb from birth, how it per- 
sists m behavmg as if it were still unseparated from its mother? 
Drastic action has to be taken to change the habit. They are put m 
different fields, inaccessible to each other In the same way, when 
animals aowd together we call it the herd instinct When a m as s of 
people behave m a characteristic way we talk of mass psychology, 
as if It were somethmg speaal and strange Surely the picture of 
evolvmg man — evolvmg group men would be more accurate — sug- 
gests that we humans have first a soaal mmd, and only nervously 
do wc venture off" on htde mental excursions of our own, straymg 
not too far from the common herd That is what we mean when we 
say “I mustn’t think any more about this, or I will lose my samty.” 
It unphes a fear of differing too much from the rest of one’s fellow 
men Samty is surely simply “soaahty,” to com a new word 
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We can see this m yet another way Try to picture all the horrors 
of the last war, the detailed stones of death and blood and slaughter, 
of drowning and stabbing, of burning with flame projectors, of the 
blowing up of fathers and sons with high explosive, of men choking 
to death with gas, wallowmg for days and mghts m mud, of whole 
shiploads of seamen drownmg eti masse, of men simply vanislung 
from one’s side blown to pieces by shells Try to unagme that you 
alone, m all the world, knew of this, and that you had to bear alone 
the knowledge of all this, for four and a half years — ^not knowing 
aU the time when it w;as gomg to end 

Could you have kept your samty? Yet milhons did If four or five 
sons of a mother m succession had lost then hves by a sequence of 
acadents m peace tune, would it have been possible for the mother 
to keep her samty’ How was it possible, then, for women to stand 
up to such blows durmg that period and come out of it scarred and 
seared mdeed, but stfll sane’ Think of the fuss Job made over his 
troubles Was all this not possible simply and solely because it was 
happening, not alone to the single isolated mdividual, but to the 
group, and as long as the group shared your experiences, so long was 
it possible to feel sane? When we talk of havmg faith m ourselves do 
we not mean that others also have faith m us? When we talk of hav- 
mg an mdividual expenence, do we not also mean that others also 
have expenences like this and that we are shanng m somethmg com- 
mon’ When we talk of thinkmg and reasonmg, do we not mean a 
mode of thought common to our fellow members of the group’ 
Even the most eccentric of us must find someone who will regard 
us as normal 

In our moments of speculation we are all prone to a certam con- 
ceit We tend to regard ourselves as separate and distmct mdividuals 
electing to hve together with our fellow men Soacty then appears to 
be simply the mechanical combination of a large number of separate 
beings, each with his own mdividuahty, with his own “rights,” his- 
own personal “freedoms,” but willmg for the sake of certam advan- 
tages that come to each of us from soacty to accept certam limita- 
tions on these nghts and freedoms As mdividuals we tend to elevate 
ourselves above the group and imagmc we enter mto a sort of con- 
traa with others, and with the organization these mdividuals set up 
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to regulate our relations one with the other 

We are now begmnmg to realize that this is a false picture, a false 
perspective Soaety pre-existed us individually We are bom into it, 
we are a small growing pomt of it We eat its food, imbibe its 
education, follow its customs and thinlc its thoughts It was there 
before we were bom, and it will outhve us Even our generation is 
only a passmg aspect, a transient reflection of it Although it is true 
that we are bom with relatively few instmcts, whether we are bom 
with them or acqmre them later, we have nevertheless locked up m 
us, hidden just below the surface, a mass of social affimties of the type 
that force us unconsaously to chng to the parent group Withm each 
of us there co-exists two strugghng characteristics — one tying us to 
the herd, the other driving us from it 

Fmally, do not let us confuse soaety with the State The State is 
a particiilar form of government or organization of a section of 
society that has come mto existence durmg a particular penod of 
history There have been tunes when soaal groups have broken 
away from State organization, as m the case of the pilgrim fathers 
There have been occasions when the State has been upset, and a 
different form of group orgamzation has been established The 
Cromwelhan revolution was a case m pomt, and during the past 
twenty-five years Europe has become a museum of such speamens 
State organization adapts itself slowly, or changes catastrophically 
when It IS no longer able to cope with the growmg and changmg 
/ needs of soaal hfe. That it is these growmg hungers, changmg and 
expandmg from generation to generation that are the dnvmg forces 
that take soaety from one level to another, is easily seen 
Compare the hfe of an ordinary workman today with that, say, 
of Kmg Alfred The latter m a position to command all that his 
soaety could offer m his day, yet had no gas, no electnc hght, no 
trams or buses, no newspapers, and no houses even approximatmg 
to modem workmen’s flats This does not imply that a workman 
today IS likely to be any more satisfied tlian one of tlie days of 
Alfred Satisfaction or dissatisfaction is the result of a conflict 
between what an mdividual receives, and what he feels are his needs 
What he feels are his needs, nghdy or vurongly, arc closely con- 
cerned -vsTth what he conceives soaety can produce or could offer 
M s T Q 
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lum It IS tlic potential capaaty of soacty to arous 
actual capacity to eater for them tliat settles whether t 
content witli his lot , i 

Soacty by its very nature keeps up a perpetual dnve m 
don of arousmg new wants The repository of new knowleog' 
new modes of control over nature, accumulating from ^ ■ 
to generadon, turning these discoveries always to appheadon, 
perpetually shows to its members ever new modes of hvm 
expencncing, and therefore continually leads the desires of its 
bers along unexplored avenues of hvmg It is when the Stal 
temporary machmery of organizadon, is no longer able to 
these needs that insurgence arises, the State is overthrown, ■ 
machmery replaces it Soaal life persists States come and gc 
imaginary film with which we commenced this chapter is a n 
of the coBtmmty of social life Examined m detail it will be I 
show a succession of types of State at each level of soaety, ra 
from early tnbal forms, through thcocraaes, anstoaaaes, Mo 
Papal States to Nadonahst, Impenahst States and Soaahst Kept 
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we are 

educati'>ME WIT HAS remarked that speech was mvented to hide 
before bought The attraction m the statement rests on the fact that it 
only aiveys a partial truth, but a truth not usually admitted. It has this 
that vditional interest, that it mvolves a contradiction It is itself an 
with ustration of speech bemg used to express thought 
us, b Speech is, of course, not an mvention, although artifiaal languages 
that ike Esperanto or Ido are It is no more an mvention than the gestures 
of use make with the hands, and the grimaces we make with, the face 
the h order to express our thoughts and our feehngs and to commum- 
Finte them to others It is a method of usmg the muscles of the throat 
a parti' the larynx, rather than those of the arms and the face That it 
soaeti evolved m such detail that the bps, tongue and shape of the 
histcKOUth also enter m elaborately is merely evidence of the fact that 
awapeech has been found to be an mvaluable instrument for expressmg 
Thcertam special needs of man As these have grown, the instrument 
difhas been elaborated and developed side by side with them In dis- 
Ci cussmg speech by itself, therefore, we must beware of the danger of 
tv separating it off as a process by itself, as if it had been speaaUy 
S designed to fulfil a finished purpose The purposes to which speech 
V can be put have been discovered by man with the growth m his 
/ T power of speech Its power has been made to extend as man’s pur- 
pose has Itself widened Each whets the appetite of the other. 

The function of speech then can be set out simply It has to cpm- 
mimicate a tram of thought firom one person to another It h^ to 
arouse a sequence of feehng and emotion m the listener It ha^\o 
descnbe a situation, that is, it has to call up a senes of mental images 
It has to mstru(h: mdividuals m a course of action. 

To make any one instrument fulfil these diverse demands is no 
small matter, and the fact that human bemgs find themselves capable 
of usmg language for these vaned and difficult purposes wnthout 
consaous effort is itself evidence of the naturalness of the process for 
man As we speak we are not very consaous of the exact words we 
use. That some kmd of selective action is m bemg becomes dear 
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when we hesitate, when we find ourselves picking and choosing our 
words in order, as we say, to convey the exact meaning we mtend 
In general, however, as the words flow fiom our hps they reflect our 
thoughts and our feelings so closely that it is difficult to say whether 
we think before we speak, or speak before we think Most pubhc 
speakers have had the expenence, sometime, of suddenly watching 
or hearing themselves speak, as if their words had a momentum or 
flow of their own, and their thoughts were being dragged along in 
their tram Words have mdeed a momentum of their own, as 
thoughts have Just as the process of wnting by hand is too slow 
for some people, whose thoughts come out tumbling one over the 
other, and wntmg becomes irksome, a drag on thought, so mdeed 
speech may on occasion be dl adapted to its purpose Any one who 
has attempted to explain a compheated issue m a tongue with which 
he IS not too familiar wiU know exactly where the difficulty hes 
“Do you really mean what you say?” someone asks 
“It’s very difficult to explam,” you reply “It’s very difficult to 
find words to express exactly what I have m mmd ” 

There m a nutshell is the cruaal difficulty m language, the problem 
of findmg the exact words to fit to objects, images and processes, 
whether they be of a physical, emotional, or mental nature 

It IS sometimes remarked by educationists that any one who can- 
not explam his meanmg does not himself understand what he has to 
say This is a hard saymg, for it imphes that understandmg can come 
only with the translation of the thought mto speech symbols But 
It mvolves more than this It imphes that language is a perfect instru- 
ment for thought expression, that its growth constantly keeps pace 
with the gathermg expenence of tlie race, an assertion that it would 
be difficult to support Have we not already seen that embedded m 
any language are innumerable fallaacs and assumptions of the past, 
so hidden m its phraseology that we arc frequently satisfied with 
explanations that are mdeed httle more than word-spinnmg 
For explanation is what hes at the root of all thmkmg It hes at the 
basis of all sacnce, and as we shall sec later it is also imphat in art. 
Man IS an explammg animal If he is not domg it to someone else he 
is domg It to himself It is explanation m one form or another that 
connects up man with the whole of his environment, the struggle to 
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resolve puzzles and contradictions To suppose for a moment that 
explanations must always be couched m words is to imagme that 
life IS simply one colossal speech True, if we are concerned to clear 
up (as we say) an idea, we frequently use words and their power of 
r ailin g up mental images for this purpose. In one way everyone who 
wntes a book does so But equally you may have the how and the 
why of a certain event or a certam remark made clear by appreaatmg 
the feehngs of the mdividuals concerned To commumcate these 
explanatory feehngs I may either gesticulate if I am angry or exated, 
or I may sob if I am overcome, or I may laugh if I am hilanous. 
Even if I do explam m words, it may not be the thought, but the 
feehngs concerned that are the cruaal factor m the explanation. 
This I may do, for example, either through the tone of my voice — 
for instance I may shout — or I may emphasize certain words 
Take, for example, the question — 

“Why did you do this?” and roar it at the top of your voice 
Now repeat it softly and tenderly m an appeahng whisper Then 
take the same set of words and, repeating it five times, emphasize 
each word m succession with a roar and then tenderly. These are 
only a few of the ways m which the same set of five words may be 
handled to convey a whole vanety of feehngs and emotions and to 
direct the attention to vanous facets of the same issue To suppose 
that the words alone teU the whole story irrespective of their emo- 
tional context IS to disarm ourselves of one of the most powerful 
weapons mankmd has forged for purposes of explanation.. 

You may find yourself saymg, for example, after a penod of 
puzzlement — 

“I know why he did it I know exactly how he felt I would have 
done It myself” Or — 

“I see his reasons I agree with him ” Or — 

“Now that explains it. You see what he is domg ” 

Here then we see the possibihty held out of explanations that are 
deemed satisfactory (note the word, for it expresses a feehng) being 
amved at either by direct approach through the emotions, through 
the reason, or by action, through the visual sense These matters we 
must appreaate if we are not to be tied hand and foot by words, if 
we are to become their master and not their servant. 
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We conclude then that m any attempt to convey thought by 
words, m all probabihty we cannot escape also arousmg fe eling and 
either stimulating to action or at any rate afiectmg future action. We 
could possibly go further than tbis If we attempt to use words to 
arouse one of these alone we mevitably arouse also the other two m 
varying degree Sometimes of course the others are scarcely notice- 
able It IS supposed to be the sign of a good soldier that he will obey 
a command without question (that is, without thought), and 
unflinchmgly (that is, -without feelmg), and there is no doubt that 
the drill-sergeant’s method has very frequently been highly success- 
ful He is the past master m the saence of the conditioned reflex 
After a few weeks’ mihtary trauung “’Shun” mvanably produces 
Its desued reaction on the reermt, unaccompamed to any perceptible 
extent by either of the other two components 

And now we can pass to the next pomt Normal language itself 
IS not likely to be adequate for the conveymg of certam precise ideas 
It IS for this reason that the chemist, the mathematician, the physiast, 
the biologist, the engmeer, and the medical man , all find themselves 
compelled to devise speaal terms to represent the pccuhar processes 
■with which they have to deal Saentrfic jargon anses from the 
inadequacy of ordinary language to pro-vide precision m thought 
and action 

It must not be assumed, however, that it is only m the orthodox 
saences that it is necessary to create a “jargon ” All forms of precise 
thinkmg tend to suffer from the looseness of or dinar y speech 
Modem philosophical -writers, e g , those who call themselves logical 
posidnsts, have come to recognize the importance of deinsing a 
separate form of language m terms of which philosophical issues can 
be discussed, and properly phrased, -without ambigmty This is all to 
the good, but even so it has to be remembered that m the very 
process of de finin g theu terms and setting up theu new language, 
them explanations have to be couched m terms of the ordinary 
tongue There is no escape from the natural language that human 
bemgs have evolved m theu social life, but the logical positi-vists 
have made a distmct contnbuoon m the fact that they have shown 
how that evolution can be pushed one stage further by consaous 
planning, as it -ncre 



THINKING ABOUT SPEECH 473 

It IS worth while at this stage mentioning a further contribution 
made from that school They have given great thought to the 
problem of how precisely to formulate a question, and what type 
of question is sensible In this respect they have drawn on the expen- 
ence of saence We can illustrate it with a simple case when we 
ask “Is the universe real?” it can be contended that this is a fictitious 
question because there is no method of giving meamng to the 
opposite, namely, the unreahty of the umverse The logical posi- 
tivists would maintain that much of the discussion that has centred 
m the past around the reahty of the umverse, or otherwise, has dealt 
with a false issue While one cannot but agree to this argument, the 
imphcation that it was unim portant to discuss the issue is itself false 
When such matters have been raised m the past this has occurred 
because histoncaUy it was on such a matter that the struggle between 
certain schools of thought was focused If the broad issues that 
separated these schools were of importance m the development of 
thought, and of the theory of human action, then it was essential 
even to discuss what appears now to be fundamentally a question 
of a metaphysical nature — ^viz , one that could not be decided by 
physical means that did not thereby beg the question Even today 
the matter is of importance In the realm of mathematical saence, 
in which tremendous stndes have been made in the mathematical 
explanation of many natural phenomena, there are outstandmg 
saentists who maintain that the thought processes of the mathema- 
tiaan suffice in themselves, without contact with any external 
reahty, to answer all saentific questions that can be raised To them, 
therefore, the universe is a pure thought, and m this confusion it is 
a short step to assert that this umverse of thought exists only in the 
mind of a supreme being who is himself a pure mathematiaan. 
Because at this histoncal juncture such a type of confused thinkin g 
can be pubhshed, and accepted by large masses of people, who 
naturally talk m the common language and not m that of the logical 
positivists. It IS essential to accept the issue of the physical reahty, or 
otherwise, of the umverse, as one that requires examination and 
answenng 

The language of saence is one of ideas and of practice Feehng 
finds httle place in it. A musical notation on the other hand is a 
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language for the issuing of instructions how to act towards a musical 
instrument, mcludmg the throat m smging, and for the arousmg of 
certam feehngs It is only m a subsidiary sense a language of ideas 
Many people who cannot smg or perform on a musical instrument 
enjoy readmg music Like poetry it is an “emotive” language to 
them Saentific language is primarily “referential ” 

Once more we see how it follows firom all tbis that any attempt 
we make to test whether a statement has “sunk home,” to test 
whether the words have conveyed the meamng mtended, is mvan- 
ably by a study of the behaviour and actions of the person Which- 
ever way we turn m this matter, therefore, we appear to be con- 
fronted with the difficulty that never do we seem to encounter “pure 
thought” by itself but always m some degree m association -with 
these other elements That does not imply that we cannot follow 
the changes through which thought processes go, but rather that we 
will make a senous mistake if we assume they are a set of sclf- 
existent independent steps Thoughts are processes that take place m 
the brains of sentient acave people They have to be seen m their 
human context 

What apphes to thought m the human context apphes equally as 
we have seen to the human bemg m the social context 

What apphes to human bemgs m the social context, and to thought 
m the human context, apphes also to language m the human and 
soaal context If we ignore this we may find ourselves easily 
mvolved m argument with ourselves on foohsh philosophical issues 
Take the sohpsist, for example, m his relation to language He main- 
tains that smee all of which he is really aware are his sense data, he 
has no reason to assume the existence of any world outside that of 
his own mmd His senses and his feehngs arc the only reahty All 
else mcludmg you and me and the rest of the umverse, past and 
present, are simply creations of his own imagmation This would 
not matter at all if he were content to behave as if this were so, but 
almost mvanably he is a very argumentative fellow anxious to con- 
vmcc others that he is nght. It is, of course, difficult to see what it 
wdl avail him to convmce these others that they are, after all, only 
his sense data, but notice, please, that m attemptmg to argue his case 
he makes use of language and illustrations drawn from the common 
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speech, words that have a meaning only on the assumption that the 
words he is usmg refer to objects that exist both for him and the 
rest of soaety His very phraseology demes the conclusions he seeks 
to estabhsL It is all a stupid confusion Man cannot jump out of his 
own skin. He has grown up m a social environment where the 
existence of the objective world has been mvolved by the mere fact 
of the structure and growth of the language he uses, and by the 
pracuce he and his ancestors have earned through, m buildmg up 
that soaal life and evolvmg that language He ought not even to use 
such a simple word as is A sohpsist if he insists on remammg logical, 
and he always appeals to logic as his test of truth, without mquinng 
what IS the test of the truth of his logic, must develop a language of 
his own — one he cannot share with those others who imagme they 
exist. It cannot be a soaal tongue It cannot refer to objects as if 
they existed for us all, or as if they existed mdependently at all It 
cannot appeal to the reason of his hearers smee the hearers do not 
exist mdependently of him and they can have no mdependent 
reason to appeal to He can only convmce himself, and that he need 
not do He is already convmced He can argue only with himself, 
and he can adduce no evidence either rational or matenal There 
could be no mearung to rationahty other than what he himself held 
was rational. All this crary philosophy arises not only from divorcmg 
the mdmdual m thought from the soaal background m which he 
plays a role, but, important for us, m divorcmg language from its 
histoncal, soaal and material settmg. These all mvolve each other 
They could not he what they are without each other Each has to 
be seen against the background of the other. 

We can see the danger of a similar sort of false isolation when we 
come to examme the detailed structure of language espeaaUy m 
relation to the mearung it is mtended to convey We must not 
imagme, for example, that each word carnes its imique mterpreta- 
Uon about with it — one word, one meaning, as it were A good 
dictionary will soon disillusion any one of that Take, for example, 
the phrases “Well, really, you’re a beauty, to do a stupid thmg like 
that ’’ “I spent a beautiful evenmg last mght ” “The beauty of domg 
It this way is that,” etc “Truth, beauty and goodness, the three 
absolutes ” “What a beautiful” sound, sight, smell, taste, sensation, 
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thought, proof, argument, tnck, etc , etc It becomes a platitude to 
say that the mterpretation of a word depends on its context Every 
expert pohtiaan knows that the way to cause discomfiture m his 
opponent is to drag his sentences about m this way A new context 
suggests a new mterpretation Nor is the context necessarily a verbal 
one Speech is uttered by human beings, and different mdividuals 
makmg the same sounds most certainly stimulate m their hearers 
different mterpretations When the Conservative leader of a modem 
State says “We must all be Soaahsts now,” we do not confuse his 
meaning with that conveyed to us when the same words are uttered 
to us by the leader of the Communist Party We wait qmedy for the 
qualifications, the rest of the context that makes the statement con- 
sistent with our view of him as a Conservative leader There is, 
therefore, also a speaker’s and a hearer’s context The same speaker, 
if he were unknown to his hearers, making this same statement to a 
meetmg of Conservatives would certainly convey a different mter- 
pretation from that conveyed should his listeners be Communists 
We commit a crime against clear thought if we drag words or 
sentences firom any one of these settmgs 
Finally, words have a soaal class context I am not referrmg to the 
fact that different strata of soaety are prone to use their ovwi 
pecuhar slang, that m a sense, is an extension of language, although 
It brmgs out the fact that the spread of language is not uniform 
firom class to class Take, however, such words as strike, hard-up, 
wages, salary, poverty, work, hohday, accident culture, art htera- 
ture, saence, machmery, sport. All these words can with varymg 
firequcncy be found m the language of all classes Now just as the 
word football is differendy mterpreted and differendy charged emo- 
tionally accordmgly as the mdividual is a partiapant an enthusiastic 
onlooker, or simply bored by it so vnth such words as strike, 
hard-up, wages, poverty The background of experience from which 
the meaning of these words is drawn, differs profoundly firom one 
class to another Think what the term “A shilhng mcrease” means 
to -jou personally, and compare its importance to members of 
another class, and the contrast becomes obvious The varymg 
emotional content of words common to all classes is one of the 
most dehcate measuring rods for distin g uishin g class differences 
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THOUGHTS— THINGS— SIGNS 

W E SAW IN the last chapter how necessary it is to remain 
aware of “context,” both m the thinker himself and m the 
language he uses to communicate his thoughts When these thoughts 
are concerned with the reahties of the world we hve m, the language 
m which they are expressed, then, must bear a direct relation to such 
reahties, else we may find ourselves talkmg about fictions, ideas 
without objective reference For reason changes to unreason when 
fact IS confused with fantasy 

Let us examine this matter m detail I hear the word tahJe uttered 
It is a sound, a sign, a symbol A certam picture or image comes to 
my mmd I recognize it as a something that falls withm my experi- 
ence There is an idea aroused with the sound, a certam thought 
process is evoked or stimulated m me by the use of the word So 
far, then, there is the sign or symbol m the first place, secondly, 
there is the idea How do I come to form the idea of a table? Clearly 
firom my past experience of real tables Personally, I always think of 
a kitchen table, but others may imagine some thin g much more 
elaborate Without the experience of a real table to provide the con- 
tent for the imagination the idea could not be brought to a focus 
There must be some real tiling or some object or some process that 
IS thought about We do not form thoughts out of nothmgness 
We compose our thoughts out of reahties We are therefore led to 
recogmze that m a situation of the tjpie considered there are the 
three essential elements . — 

(1) Word or symbol 

(2) Idea or thought. 

(3) Object or objective process 

We have approached this trinity by supposing that the uttering 
of the word has aroused the idea But the idea may have been 
aroused in some other way — ^it might be the sight of a table, the 
odour of cooking, and so on. However it is aroused, these three 
elements are necessarily mvolved m the resulting situation. That is 
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the bare bones of it all Instead of having an object, suppose we have 
a quahty of an object Take the word red, for instance It descnbes 
a quahty of a poppy, of blood, of a ruby, of a sunset It immediately 
calls up a certam picture or image, an idea, or a feehng, or an idea 
accompanied by a feehng This image has been evoked m the past 
from such objects as I have mentioned In all cases there did exist 
this objective reahty, this something from a quahty of which the 
idea IS dravra and to which the word is attached Agam there is the 
word, the idea, and the actual quahty of the actual object. 

Now let us proceed a stage further Take the word redness An 
idea certainly corresponds to it the idea “bemg red.” It is a noun, 
not an adjective Is there an object, a something that is “redness”^ 
Clearly there is no such object, nor is it a process There is simply 
the idea. Then how are we to complete our tnad? What physical 
state of affairs, what stimulus, has aroused the idea? That is the ques- 
tion we are endeavouring to answer Surely the same stimulus as 
aroused the idea m the adjective red — from red objects It is simply 
a noun that says the same as before, a red quahty exists, or red 
quahdes exist, an invented word to represent a senes of reds — the 
red quahty of a senes of objects It is a fiction if it suggests a redness 
exists Now, do not let us become confused We are not assertmg 
that the idea of redness does not exist It does, but it is the idea m 
our head and not a “redness” outside We could therefore form our 
tnad from this, provided we have a word to stand for “the idea of 
redness,” which is now the “object,” we are considering Call this 
mental process, say, by the name X Then X is the symbol for an 
actual idea, viz , the idea of redness As we discuss this we have 
thoughts about this idea Thus we can now make our triad as 
follows — 

(1) Symbol X. (2) Thought about “idea of redness ” (3) Idea 
of redness 

The pomt simply is that we can have real thoughts about fictions 
The confusion we must avoid hes m assuming that because our 
thoughts are real, so also is the “object” of our thoughts 

When a fiction of this nature is analysed it is always found to be 
composed of parts that are drawn from reahty We can imagine 
angels, although we have never seen angels We have, however. 
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seen real bodies and real wings An angel, in the way in which it is 
conventionally pictured or sculptured, and if the word is not taken 
to refer simply to the sculptured piece, is therefore a fiction although 
Its separate parts are drawn firom real enough situations Fiction is 
the correct word for this, for all good fiction draws its strength 
firom real sources 

The tnadic analysis has exposed some of the dangers that lurk m 
the word Unless we had made this analysis we might have been 
tempted even fiirther mto error. It is an easy but false step firom the 
word redness, for instance, and the idea assoaated with die word to 
refer to a prmaple of redness running throughout aU red objects 
Thus, m refernng to it as a prmaple we tend to erect it mto a speaal 
dung by Itself, thereby granting to it a sort of mdependent status to 
which It IS not entided 

Language is pitted with traps of this sort The danger consists m 
concedmg to the idea assoaated with an abstract noun, some mde- 
pendent objective existence and erecting it mto a prmaple This can 
be seen even more acutely if we take such an adjective as good, in 
the moral sense “So-and-so,” we say, “is a good man,” and any one 
of us may form for himself the tnad word, idea and object, to 
which refers For each of us the tnad is complete. Two dangers 
now face us You and I, m the first place, may not agree about the 
meaning of good. The difference m our mearung would show itself 
m our actions, for we may not agree about applymg this adjective 
to the same object or mdividual We test it m practice We may 
value or judge the mdividual’s behaviour differendy How that 
anses we shall have to examme later For the moment it suffices to 
realize that we may all attach different values to the same element 
m a situation Thus we see that the tnad, even when it is completed, 
IS not umque It is not the same for us all Nor does this finish the 
busmess 

In die second place we may fall mto the same fallacy as before, 
and usmg the abstract noun goodness mvent an mdependendy exist- 
mg entity, as if goodness existed “out there” as a prmaple m nature 
Please note agam that this m no way demes what is a fact, viz , that 
each of us has an idea “goodness ” What it does do is to underhne 
its dependence on each of us mdmdually For the word good firom 
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which the notion is derived has itself a different status either from 
the word table or the word red, both of which are universally 
accepted descnptions of some thin g objective, while good is a much 
more personal descnption of something objective 

Let us now turn to a more purely saentific illustration The 
saentific conception of heat As before, we begm with the adjective 
hot Correspondmg to this word there is an idea assoaated with the 
sensation This we derive from objects that convey this sensation to 
us when we touch them The tnad is complete word, idea and 
object. Now consider heat Saentists find themselves talkmg of 
heat passmg from one body to another There is supposed to be a 
umt of heat called a calone which is the amount of heat that will 
raise a cubic centimetre of water through one degree centigrade 
This simply helps us to express one “quantity” of heat m terms of 
another, and does not get us any farther m our search for a precise 
thing called heat What is this heat that “flows” from one body to 
another^ What is this tlung whose quantity or amount we think we 
can measure? The special term heat, and the use of such metaphors 
as “the flow of heat” convey to us the impression that it is something 
of the nature of a hquid which flows continuously through the 
mterstices of the body, without mcreasmg its weight but merely 
makin g it feel hotter What is this subde heat that weighs nothing, 
IS mvisible and is odourless, but whose presence is detected by a 
sensation that a body is hofr Admittedly the notion that it flows or 
IS conducted through a body, and that there is a certam “amount” 
of heat present is a very useful one to saence, but many fictions are 
useful to saence A saentific fiction is usually an analogy that assists 
the imagmation so that the groupmg of ideas may be more easily 
performed It is a saentific convemence provided it is not overdone, 
otherwise it becomes a drag on thought. For many purposes, for 
instance a mirror adjacent to a hghted candle, may be replaced by a 
fictitious candle situated an equal distance behmd the position of the 
mirror, but not for all purposes Is heat such a fiction? Saentific 
textbooks wtU tell you that “heat is a mode of motion,” or “heat 
arises from the agitation of the molecules of the substance,” or “heat 
IS a form of energy,” all of which goes to show that m pomt of fact 
there is no such mdependent “dung” as heat, but that it is simply a 
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convenient fonn of expression to say that a body is passing through 
a certain process, its molecules have reached a certam pitch of agita- 
tional motion, and that when we put our hand on such a body the 
impact of the movmg molecules against the hand produces m us the 
sensation of hot Heat, therefore, refers to a process that is gomg on, 
a chan ging quahty of the body, and does not have an mdependent 
existence, flowing here and there. That is a fiction encouraged by 
the separate term heat. Actually, of course, it is a very valuable idea, 
but the fact that it is valuable as an aid to the imagmation does not 
grant it this mdependent status 

We can state our pomt m this way. Language may be “referential” , 
that is to say, the words may be used as symbols to pomt out some 
actual object or some actual process that is gomg on among objects 
In using them m this way we may say that the words “refer” to the 
object or process Sometimes, however, they are referential m a 
secondary way. They do m fact refer to an actual process, but their 
form suggests that they refer to some super-entity standmg over and 
above that process Heat actually refers to the process of agitation of 
the elementary parts of the body, but it is used as if it referred to 
some subde flmd substance that made thmgs hot Very much the 
same pomt is mvolved in the use of such terms as justice and good- 
ness Where the difference hes is m the fact that heat is referential m 
die objectively saentific sense, m the sense diat all people can accept 
and recognize the real state of affairs to which it refers, whereas 
justice is referential m the subjective or personal sense m that mdi- 
viduals may differ profoundly concerning what may or may not be 
called “just” actions 

Language is not however always referential only. The ideal of 
saentific language is to be only referential If, however, I use the 
phrase: “Look at that duty cad,” not only is the term “duty cad” 
referential, but it mvolves a personaljudgment, stated m a form that 
arouses one’s feehngs. It is emottve My purpose is, then, not only 
referential, for I am stnvmg to arouse adverse feehngs, dishke, the 
very factor that saen&sts stnve to exclude firom thar mvestigations. 
In one sense the saentific ideal is defimtely unattainable Its language 
has to be understood. The reference has to be “taken” by human 
bemgs It has not only to be perceived but valued among other 
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references, and therefore it has to be felt Even the most “abstract” 
saence has to carry conviction, and bemg convmced of a truth is 
not simply an mtellectual process, it is also emotional For its pur- 
pose, nevertheless, the scientific ideal m language is of fundamental 
importance 

In carrying through this tnadic analysis we have been carrymg 
through a process of thinkmg, but by putting the signs or word 
symbols alongside each other m this tnangular way we have been 
making a more defimte and precise picture of the relation of the 
component parts one to the other, so that we may see what they 
signify We have been mterpretmg these signs to ourselves Think- 
mg mvolves usmg and mterpretmg signs If I wnte or if I say “It is 
rammg,” what I wnte or say is mterpreted by you m terms of certam 
climatic processes This is qmte evident m the example here given 
We become so used to findmg the mtcrpretation to our words m 
the physical world ift this way that we tend to accept all forms of 
expression as if this kmd of mterpretation were always possible 

In a sense the words develop momentum of their own, and wc 
drag along m their tram foohng ourselves that we are mdeed think- 
mg We can check our phrases at any moment by demanding their 
mterpretation Now, there are very many fields of study where the 
objects of thought are not at first sight matenal objects or quahties 
of such objects or even ideas themselves Words may themselves 
become the object of thought If wntten, they exist as actual black 
marks on a sheet of paper If spoken, they exist as sound waves 

In this way wc may study the structure of sentences, i e , grammar, 
or the history of words, i e , philology, or the structure of languages, 

1 c , Imguistics Study mvolves mterpretation, and m all these cases 
the mterpretation is m terms of the something objectively existent, 
and can therefore legitimately be placed on our triangle The field 
of mterpretation must exist objectively 

We are now ready to raise a problem that may appear at first sight 
to contradict much that wc have already asserted Take the word 
tabic agam Arc wc really refemng to a defimte object^ If so, which 
table’ No spcaal table, of course I have already said that I almost 
mvanably think of a kitchen table, but even then, as far as I am 
a\\ arc, it is not any spcaal one If so, am I entitled to say that the 
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reference is really to an existing object^ There may not be a table m 
existence of the kind I have m mind Let us try with another word, 
a saentific term agam, an atom of hydrogen The modem physicist 
or chemist ^vlll give you a very concise picture of the structure of 
an atom of hydrogen showmg its electrical composition, and the 
detailed arrangements of these electric charges In any tnadic repre- 
sentaUon, which atom of hydrogen is bemg referred to? Any atom 
of hydrogen, you may say, it does not matter which But are all 
atoms of hydrogen the same^ If two atoms of hydrogen were placed 
side by side, would they be identical? Evidently we could not expect 
this To begm with, they occupy different positions m space and 
they have been josded about m different ways so that if tlieir parts 
are m vibration or m motion m any way we might reasonably 
expect to find differences After all, it is only a few years ago that 
we were under the impression that all atoms of chlorme were the 
same, but we have learnt now that there are various kmds of chlorme 
atom We also know there are vanous kmds of hydrogen When 
we use the words hydrogen atom to what are we referrmg? Do these 
words not refer to real objects at all? Of course they do There are 
real objects called tables, and hydrogen is a real gas with real atoms 
Then to what would the term hydrogen atom refer m our tnangular 
analysis? Let us see 

Any particular object has a whole mass of quahties, its shape, its 
colour. Its speed, its flexibdity, its fluidity, or its ngidity, and so on 
If we are not mterested m any other quahty but that object’s colour, 
and if with a senes of other objects we are also mterested only m its 
colour and m each case for the purpose in hand, we find by tnal that 
we do not require to go beyond the colour, we must say that, for 
the purpose m hand, the objects are identical if they aU have colours 
that are indistmguishable by test That is the answer to die whole 
question When we say table we are talkmg about any particular one 
of a senes that for die purposes m hand are mdistmguishable The 
same dung apphes to hydrogen atom For the purpose m hand we 
need not distinguish between one atom and another All we need 
arc the particular characteristics that enable us to group gases as 
‘hydrogen”,and “other gases ” 

In this discussion we have, however, mtroduced a new factor We 
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have had to qiiahfy our statements vnth the phrase “for the pur] 
in hand ” Assoaated with this purpose arose a particular “mten 
and that interest showed itself m selectmg or isolating one qin 
out of the complex situation that faced us We sought to fulfil 
purpose by applymg a process of selection Note particularly 
m mtroducmg purpose and mterest in this way we have begin 
connect up our triangular analysis with the settmg m which it is i 
in practice, i e , with the active process of thinking 

Two other points must be seized on In the first place we see 
the group relationship symbol, idea, and object is not sunp] 
self-contamed stage, a static step in the analysis, but is connei 
with a process of movement of ideas or thinlong, and we have ( 
selves merely separated it out because we are interested in it f 
purpose, the purpose of recognizing a stage m thought-activity 

The second pomt is that, dnven on by our mterest and thus sel 
mg one quahty out of a situation and linkin g up a whole sene 
situations because they also contain this quahty, we have formi 
class This IS how the idea of classes is formed in practice Ei 
time we isolate a characteristic m an object we make that obje 
member of a class — the class of objects that have a character 
mdistmguishable firom that isolated 

Let us review m a few sentences the ground we have just cov< 
m order that we may see its meaning for us We have seen the v. 
of treatmg the terms we use to an examination by means of 
mangle — word, thought, and object or process, if we are to It 
our mmds clear and our thoughts straight We have examined 
dangers that lurk m our path if too easdy we accept the word ah 
We have turned to the object or process and we have seen I 
closely linked the particular object is with the class or classc; 
which It may belong The class is selected by us by an exammai 
of the object and by concentratmg our attention on one of its cha 
tensnes Objects that have this characteristic thus compose a c 
It IS a man-made groupmg, for it is related to the purpose mvol 
m selectmg just this characteristic for study Any thing is thi 
particular dung, and at the same time m some respects is typica 
a class 

We vtII illustrate this matter m detail My purpose is to exp 
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what IS called the relation between the particular and the general 
“For the purposes in hand” I am interested m the piece of paper on 
which I am writing 

It IS an object m itself, a particular object just this piece of paper 
It IS white, It belongs to the class of white objects It is flat, it belongs 
to the class of flat objects Its edges are straight, it belongs to the 
class of straight-edged objects We may carry this on as long as I 
can isolate any speaal characteristic For each of these classes it is 
typical This object is both a particular entity and can serve at the 
same time as a sample, by means of which I can discriminate whether 
any other object belongs to one or more of the classes I have men- 
tioned It umtes particular and general m one 
If It IS the case that we form classes m this way by generahzmg 
from the particular, can the process he reversed? Can we use the 
general to particularize? That is precisely how we do particularize 
“What sort of a person do you mean?” I ask 
“He has red hair,” you say, “freckles and a snub nose, rather 
undersized and knock-kneed ” Here, red hair places him m one class, 
freckles m another, snub nose m another and undersized and knock- 
kneed m two more In one sentence we have placed him m at least 
five categones or classes There are others For instance, he is not 
bald By multiplying the classes to which the object can be seen to 
belong, we gradually particularize it, but such a form of particu- 
larization may never succeed m identifymg it We may simply suc- 
ceed m fiindmg a more and more restncted class to which it belongs 
If at any stage, however, we are given all the members of a class, 
any one may he identified by an exhaustive enough method of cross- 
classification of the type we have considered Where aU. the members 
of a class are not given, but the classes are formed by carrymg the 
samples about from object to object, as it were, the method of classi- 
fication can never succeed m fixmg the object umquely once and for 
all Even if we were to try to do so by stating when and where it 
will be found, that is, its position m time and space, we have m the 
last resort to specify that place m terms of other objects that have 
hkewnse to be specified Desenption is always relative m diis sense 
We conclude from all this that the whole story about an object 
cannot be told m terms of its general properties It has also to be 
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particulanzed by pointing out the object concerning which these 
general properties hold In the same way merely to pomt it out tells 
us httle As soon as we want to know anything about it, as soon 
as we begm to study it m detail, we start sorting out the vanous 
classes mto which it falls 

There is one way and one way only of convmcmg oneself that 
this IS a just and accurate statement Test it out m practice Take any 
object near at hand and proceed to describe it You wdl find that 
all your statements refer to the classes to which it belongs And this 
IS mevitablc, because euery common noun ts itself the name of a class — 
table, man, fniit, orange, orange-peel, orange-peel colour, shade of 
orange-peel colour, etc , etc By no possible detailed desenption do 
we ever get down to the particular orange we are talkmg about 
The actual orange has finally to be produced — this orange — accom- 
pamed by a gesture This is not at all surpnsmg We have pomted 
out already that m our tnangular analysis all three elements must be 
present, and the actual orange, if wc are mterested m it, must have 
Its place on the tnangle It is the objea referred to If we talk only 
m terms of classes we can, by makmg any combinations of them wc 
care, mvent fictions, and we would never be called upon to produce 
the actual thin g Angels were a case in pomt 

We began this chapter by stressmg the need for becommg aware 
of context. This is precisely what we have been domg here Wc 
have been trymg to bring out the context m which an object has 
to be seen, that is, the vanous classes that cross it, meeting at the 
object, the soaety of other objects withm which it occupies a place 
Moreover, we have seen that it is only m relation to other processes 
and objects m the umversc that its meanmg for us can become clear 
A pail may be desenbed as belongmg to all sorts of classes, but for 
one purpose, a social purpose, it is one of the class of objects that 
arc used for carrying water Thus at one and the same time the 
object has to be seen m its soaal context among other objects and 
among human bemgs In this sense we have to regard it as inter- 
connected with cverythmg else, merely a fiagment of a larger soaety, 
and It begins to have a meaning for us only when we take it as a 
sample, or as tj'pical among these other thmgs and compare it and 
use It for some purpose 
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METHOD IN THINKING 

I N OUR DISCUSSION SO far we have been isolating those elements 
that are related to the problem of clear thinkmg m order to 
examme how far they throw any hght on the general process This 
method of separatmg out the elements m a situation and studymg 
their mterconnexion is the first and mdeed the prmapal step m all 
thinlong Our treatment of the subject thus serves to illustrate the 
subject Itself 

A connected tram of clear thought can be seen to have a very 
simple structure It begins with the askmg of a question, and it 
finishes with a partial answer That answer is itself the starting-pomt 
for the next question to be asked, and therefore begins the next 
phase of the process Accordmgly, thinking has to be seen as a pro- 
cess that proceeds m stages, where each leads to a higher level of 
understandmg than that of its predecessor To achieve clanty m 
thought we have to become consaous of the presence of this process 
m our thinking, m so domg we acquire a surer grasp of what is 
required to gmde our thinkmg to its objective We become con- 
saous of the necessities of the situation 

Now the crux of the matter is, of course, the askmg and the 
answenng of the question How is the imtial question to be asked 
and what plan is to be followed m seekmg the answer^ In stating 
our problem m this way we are ourselves beg innin g with a question 
Now, the pomt to bear constandy m mmd is the end m view, we 
are actually seeking an answer, and therefore the question must be 
one capable of bemg answered It is no use, for example, askmg if 
life exists on yet undiscovered planets As there is no possible 
method of amvmg at an answer, the question is meanmgless m the 
sense that there is no meanmgfiil process that can be followed to 
setde It It is not a sensible question Agam take a point very fire- 
quendy raised m philosophic discussion — 

“How can you prove that the world exists^” 

Here agam we see that proof, to be proof, must not presuppose 
existence What land of a proof can it be, therefore, that does not 
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presuppose its o-wn existence? Accordingly by replying with the 
question, viz “What kind of a proof can he regarded as satis- 
factory?” We automatically expose the hollowness of the ongmal 
question It turns out not to be a sensible question at all, but a 
meamngless collection of words 

Here, then, is die kernel of the matter The question and the 
answer cannot be separated from each other Any fool can ask a 
question, but he only who knows the answer knows also how the 
question ought to have been phrased m order to pomt the way to 
the correct answer 

Does this mean, then, that we are landed m an impasse? If wc 
cannot ask the question before wc know the answer, how can we 
proceed? Not at all The history of saence, for example, is the story 
of rather foohsh questions, the story of the discovery of scim- 
foohsh answers to them, the reconsideration of the question m the 
hght of this answer, and so on, step by step, to and fro, until finally 
the saenost finds exactly what question he should have asked m the 
first instance m order that it might have been answered sensibly 
The answer and the checkmg against practice enable the question 
to be restated, reanswered and rechccked It is a process of tnal and 
error, where each error is used to direct us more surely, and each 
tnal tests the improvement m our direction 

Here we have been considenng one stage withm a journey m 
thinkmg, but notice that what we said about the journey itself apphes 
apparendy also to the partial stage or phase The stage was its^ not 
completed until it had passed through a senes of sub-stages, of suc- 
cessive questions and answers gradually bemg refined by tnal and 
error, until the climax is achieved Docs the answer, then, just fit 
the question, and the question just fit the answer^ As we shall see, 
this IS not the case There is always at least one difficulty left over, 
and It IS m the attempt to resolve these that we pass over to the 
next stage of the thinking process 

Instead of deahng with this matter m general terms, let us try a 
case and study it What shall I think about^ It is my mterests that 
focus my thoughts, I must therefore say what I am mterested m 
War? Very well, let it be war 

I begm by asking myself a question IVliy am I itUeresled in war? 
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I cteck this question against my avowed purpose, to think of war, 
and It seems that the answer required for this kmd of question may 
lead me on to talk mainl y of my mterests and not of war For the 
moment I am not mterested in my mterests Accordmgly I don’t 
bother to pursue this question, but proceed to amend it Thus — 

What is it tn war that interests me? 

Note the difference I am already on my guard not to mterpret 
this as an inquiry simply mto my mterests, but rather mto war 
Now, as It was I who suggested the topic, it is therefore I who 
must now provide the information required, I am not askmg what 
attracts or repels me m war, but what it is that I am “worrymg 
about.” One womes about a difficulty, and how to resolve it. Two 
facts stare each other m the face and seem to oppose each other, 
and yet they are both facts So we worry about how to reconcile 
them As thmkers we cannot abide two apparendy contradictory 
facts without attemptmg to understand them So what we mean by 
understanding appears to be findmg a way of looking at both facts 
so that they are seen as consistent or natural parts of a larger back- 
ground Understanding is resolving an opposition I have to state what 
I am puzzling about. It is very simple 

Why is it that a war nowadays seems to involve practically the tvhole 
worlds 

^ Apparendy I am comparmg wars of yesterday with wars of today. 
I must brmg the opposition more sharply to a focus Consider the 
facts A war of, say, three hundred years ago, was simply an affau 
between two small contendmg armies, pitched batdes m a field, and 
the great mass of the population went its way without much dis- 
turbance, visitors passmg easily from one warring country to 
another Nowadays the whole nation is mvolved, contendmg coun- 
tnes are isolated one from the other, and it appears to have become 
almost impossible to localize a conflict so that other countnes do not 
get dragged m These are my opposites and my query becomes 
How exactly has tins happened^ 

' We have it now m focus We have taken a long tune to come to 
the pomt, but that is because most of us take these early stages 
qmckly. We can do so if we isolate the contradictory factors and 
state them side by side Nevertheless smee we expect that this 
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disoission will finisli up with a final question that will lead on 
the next stage of the tram of thought, we cannot be too careful 
phrasmg our queries The more careful we are, the sooner will 
reach our conclusion. 

At this pomt of the discussion we have to beware of leadmg oi 
selves on a side issue by the lure of words 

Does the contradiction not arise, I question myself, hecaus( 
insist on usmg the word war for what is m reahty some thin g qu 
difierent, viz , Armageddon'^ Very well, I wdl, if necessary, phn 
the question thus — 

“Why have wars changed mto Armageddon?” 

I have silenced the word-monger and I am grateful to him becai 
I have now a shorter and more sharply contrasted way of askmg n 
question 

Now what kmd of answer do I want^ What type of answer w 
seem satisfactory to me I had better look at war and at Armageddo 
as we are calling it, to see exactly where the differences he Sudden 
another idea mtrudes — 

“It simply didn’t occur to the combatants to make wars on sui 
a large scale m earher tunes” — is a possible answer This is unsati 
factory, however, because I would want to know why it nev 
occurred to them In any case they hadn’t sufiiaent men and th( 
hadn’t suffiaent war matenaL And while we are followmg that Im 
could they have fed mote soldiers and moved them about over lor 
distances^ What about their transport facihues? What about the 
opportumties for findmg out where the enemy was, and, agai 
what about their methods of fightmg^ I may not have been satisfic 
with this answer, but it is useful, for as soon as it is posed a who 
volley of counter-arguments and extra difficulties are automatical] 
fired out to expose the folly of the answer Against the argumei 
we place a set of counter arguments m the form of facts and possib 
facts that we ought to examme 

I can now state with shghdy more dcfimteness the kmd of answ< 
that will satisfy me, and if I can only do this carefully I will ha\ 
got a stage further m the analysis 

“The answer that will satisfy me,” I reply — and here I must t 
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Simple answer — “will be one that shows, for example, that increased 
scale of wars and batdes became possible and inevitable as a result of 
other changes, for instance, the mvention of new war matenals m a 
very wide sense ” 

Here, at any rate, we have somethmg positive to test Let us check 
the suggestion contamed m this, against the facts We begm to collect 
data, and to place them m contrast, war material, say, at the tune 
of the English Civd War, 1645, with correspondmg matenal at the 
time of the 1914-18 world war Thus — 

Muskets with a rough range of a few hundred yards and maccurate 
m aim, compared with modem rifles and then deadly accurac}’^ at 
a range of a mile Cannon, finng balls that bounced along the ground 
m the hope of doing damage by dnect unpact at a distance of less 
than half a tmle, against the modem “Big Bertha” and long-range 
cannon, finng from a distance of fifty miles if necessary. 

Swords and lances, against poison gas, flame throwers, trench 
mortars, aircraft, aenal bombs, high explosive and poison gas shells, 
tanks, machine guns 

Messengers on foot and horseback, against observation balloons, 
aenal reconnaissance, telephones, telegraphs, and wireless. 

The beleaguenng of a town by a small army of men, as against 
the economic starvation of a country of the size of Germany by 
warships, submannes and sea mmes 

These are a few of the vital matenal differences that immediately 
suggest themselves as soon as the two types of war are contrasted. 
Other features, such as tactics and strategy, also are different, and the 
question why they are different is at once explamed m terms of these 
same matenal factors For example, the Napoleomc Wars were con- 
ducted m massed formation by soldiers m distmctive coloured 
uniforms We have to compare this with soldiers m khaki or dull 
grey to render them as indistmct as possible against the accurate fire 
of nfles, scattered formation to diminish the effect of shell fire, and 
trench warfare to the same end. To each new techmcal development 
m attack, a new techmcal development in defence. With the mvention 
of poison gas came the defence of gas masks With the mvention of 
bombs and shell fire of the high explosive type came the counter 
defence of dug-outs and bomb-proof shelters To each deadly ques- 
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tion Its answer Again we contrast the commissanat In earher days 
the slow transport of food, ammunition and eqmpment by horses 
and the ransaclong of towns for food, has to he compared with the 
carrying of these thmgs by motor transport, by aeroplane, and by 
sea m fast ships, providmg tinned meat, bottled frmts and jams, 
drugs, and hospital eqmpment Thus a highly efEaent factory system 
and modem mechamcal methods m mdustry have now made it 
possible to produce shells, rifles, guns, bombs, and other forms of 
mmunons (mcludmg foodstufis) m enormous quantities 

Our answer seems now clear It has followed from the facts as 
soon as our questions and the preliminary answers suggested just 
what land of facts to look for The difierence m the scale of modem 
warfare compared with that of three hundred years ago appears to 
he m the change that has occurred m the mdustnal capaaty of the 
countnes concerned and m the large degree of mechanization that is 
assoaated with it This is putting it shortly We have now at least 
a partial answer to the query — 

Why have wars changed mto Armageddon? 

Because of the new possibihties opened up by the machme age for 
waging war, in virtue of the grand scale of modem mdustnal orgam- 
zation, and remembering that war seems to be the only activity m 
which saence is used to its fullest extent, we realize that aU these 
death-deahng mventions are brought mto use because neither side 
dare risk losmg any advantage It should now be possible, if we cared 
to do so, to constract a senes of pictures m ascendmg scales by ta king 
the successive wars of history and rclatmg their magmtude and 
mtensity to the technical weapons of destmction and defence at each 
penod, and assoaatmg these agam with the stages of mdustnal 
development More than this, we should be able to see how tactics 
and strategy have been forced contmually to readjust themselves as 
the techmque of destmction has transformed the problem from one 
stage to the next. 

Have we finished the first stage of our venture? 

Not qmte There stiU remains a part of the question unanswered 
Why do wars become world-wide? 

The answer we have found so far, satisfactory as it appears for one 
portion of our dilemma, leaves another part soil open We can still 
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and compared its meaning with that intended This forced us to alter 
It We compared this with the facts as we know them, and this 
compelled us to alter the meaning we could give to the problem 
Accordmgly, we were then dnven to readjust the statement of the 
question to correspond to this me anin g, until jBnally we reached a 
stage at which the proposition suggested by the question and the 
meaning “chcked” with the data, or at least with a considerable part 
of the data We have swung backwards and forwards between pro- 
position and data m dus diagram We were then ready for the next 
stage We begm with a new proposition relevant to that portion of 
the question stdl unexplamed and based on the idea that had emerged 
from the previous discussion, and so on 

I have used this word “chcked” dehberately to descnbe a certam 
feehng aroused when we succeed m fittmg the correct set of words to 
the mearung we mtend to convey about the set of data In this sense 
we have to recognize that thinking is not a process divorced from 
feehng We chnch an argument with a feeling of satisfaction, and 
unless we are satisfied, it is obvious that the stage of the discussion 
has not been completed 

We shall see m a later section of this book how all this is related to 
what IS called “the obvious” and to “logical thinking,” but for the 
moment we should reahze that we have been bringing to play some- 
thmg more than the mere checkmg or comparmg of one thin g with 
another, or of an idea of a dung with the thin g itself, or of two ideas 
We are contmually mabng inferences or “seeing” imphcations We 
see that b is a necessity of a, or A imphes B, or A mvolves B, and m 
the seemg of it we are dnven through the obvious to the next stage 
In domg this we are sensmg somethmg, expenencmg something, and 
applymg a power of recogmtion and discrimination similar to what 
we are accustomed to do with our eyes, ears, tongue and fingers It 
IS because we do not usually think of the brain m this way as also a 
sense organ that we have no special terms m which to express this 
process. So we borrow metaphors hke “seemg” and “feehng” and 
“chckmg-” 

There is yet another aspect of this question to which attention must 
be directed at this stage, although we shall deal with it also m greater 
detail m the next chapter. In very general terms I have descnbed a 



THINKING 


494 

or more facts, accurately verified, when mterprctcd stand m oppo- 
sition or m contradiction. 

3 The issue raised is stated as carefully as possible m the form of a 
question 

4 The question is exammed to ascertam that, m the form m which 
It IS couched, it is sensible, i e , it is answerable 

5 A counter question is posed, “What land or class of answer is 
expected?” 

6 This enables a tentative answer to be posed. 

7 The examination of this answer, alongside the available data, 
shows that it is dcfiaent m certam respects 

8 This defiacncy allows a new question to be posed. 

9 This suggests the accumulation of new data and allows a new 
tentative answer to be suggested 

And so It proceeds 

At any stage we may stop to reconsider the steps taken earher, m 
the hght of the later development Finally, there emerges a viewpoint, 
a reconcihng mterpretation, that unifies the apparent contradictions 

It IS worth while examining this process m further detail so that 
we may become consaous of what is mvolved m some of the steps 
We notice, m the first place, how necessary it was to recast the 
question as ongmally posed, otherwise we would, if we had remamed 
true to Its form, set oflf on a search for the factors that aroused an 
mterest m war, rather than m the problem of war itself Here, then, 
we were staving to adjust the phrases to the precise ideas, a process 
analogous to what we have already mdicated m the chapter dealing ^ 
with words, ideas and objects It is, m fact, an extension of that pro- 
cess Here we have three elements m the situation There is, first the 
proposition or question, the actual words used There is, secondly, 
an actual situation, a changing process to which the words relate m 
detail There is, thirdly, the idea conveyed by the proposition or 
quesnon about the situation If we set it down m this way — 
Proposition Meaning of Data 

or Proposition ^ or 

Question or Question Situation 

wc can trace the sequence of thought by watching the changes made 
m each of these factors as wc proceed We began with a question. 
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evidence of the immediate data alone There is usually a great deal of 
circumstantial evidence The theory, for example, may be one rather 
hke others that have been found successful m the past, or it may be a 
development of an already accepted one. The cogency of this can be 
seen if we realize that were a theory to be propounded that contra- 
dicted one already well established, the facts on which the new one 
rested would m the first instance at any rate be regarded with grave 
suspiaon They would be checked and re-checked. 

Saentific t hinkin g, saentific practice, and the precise formulation 
of laws have to be seen as three elements m a unified scheme of 
development. Saence is not a set of theories, ongmatmg m the fertile 
brains of super men, not a code of physical laws handed down by a 
saentific Moses, churned out m stellar space, nor is it simply a 
laboratory textbook for the conduct of certam experiments Saence, 
hke thinking m general, is a part of hum an history; it is the story of 
man forgmg an instrument to discover what can be done with the 
world. The three categones we have set out — ^Law, Theory, Data — 
are simply three parts of that process of makmg history m which all 
human bemgs partake This is what is imphed when some writers 
use the very expressive phrase — the umty of theory and practice 

Now the successive stages m the development of saence also bear 
a very close relation to the detailed steps m the thinkmg process that 
we have been discussmg Thmkmg, wesaw, proceeded m levels, the 
completion of one stage enabhng us to pass to the next at a new level 
of understanding Take for comparison the position m saence fifty 
years ago, m relation to our knowledge of the structure of matter. 
Every schoolboy knows the evidence relatmg to the chenucal com- 
bmatiqn of substances m exact proportions by weight that is used to 
justify the atomic theory of matter From that theory a host of 
sacnufic laws arose, and whole collections of data, previously unre- 
lated, were seen to fall together mto a unified scheme The Russian 
saentistMendeleef, forexample,producedhisPenodicLaw, showmg 
that the elements could be arranged m a systematic order m rows of 
seven according to their mcreasing atomic weights, and that when 
this was done all known substances of this nature fell mto columns, 
natural groups or periods showmg closely sirhilar behaviour m many 
respects Mendeleef ’s Penodic Table may be regarded as tlie saentific 
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process of mental behaviour, and exemplified it m a particular case 
Does this establish its generahty? How can I teU that other people 
can also think m this way? Actually, I do not put it forward as a 
necessarily accurate descnpuon of how everyone thinks, but it is a 
method that everyone can try out for himself As we shall see, the 
s ignifi cant feature of a general law is not its unrestricted truth m some 
static everlastmg sense, but the possibihty of its bemg used m a wide 
variety of new cases 

It would seem desirable to conclude this chapter by grvmg some 
short indication of the method adopted by saentific men m their 
specialist thinkin g I have restneted myself to their speaahst thoughts 
because it can hardly be mamtamed that outside these spheres they 
necessanly carry forward the procedure with equal ngour 

Here the same general plan can easily be seen. We may represent 
It diagrammatically as follows — 


Saentific 


Theory of 


Experimental 


Process 


It is impossible to say where a saenost begins His data, for example, 
are not only what he has himself found, but the accumulated data of 
other expenmenters in the same and alhed fields A collection of this 
data IS brought together The pnnaples that guide him m the choice 
of what IS and what is not relevant are referred to m the next chapter 
In brmgmg them together he is aheady working on a tentative theory 
This enables him to propound a tentative law Once this is carefully 
stated, his next objective is to test its truth by a carefully arranged 
experiment. The results — the additional data — ^force him to reconsider 
the theory by means of which he had grouped his data together Thus 
he finds a more specific and perhaps more carefully worded law, and 
so on If this IS compared with what we have aheady set out for 
ordinary thinking we can see that there is no inherent difference 


between the two processes 

There are tivo imnor pomts, however, that rmght be nodeed 
Almost mvanably the saentific man is concerned not with general 
quahtadve statements such as we were compelled to make when 
discussmg the subjert of war, but with accurate statements m terms 
of measurable quanddes Vague talk is of no use to him The second 
pomt IS that it is rare for a theory as first outhned to rest only on the 
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protons, photons, neutrons The old atomic theory that had led to 
this outburst of feverish acnvity m the early part of this century 
could no longer maintain, withm its form, the mass of new informa- 
tion that pomted mevltably to a fine structure to the hitherto mdi- 
visible atom, hence the quantum theory, the present answer to the 
innumerable queues posed since that day At the moment it recon- 
ciles the apparent contradictions between the data on which the 
older theory of whole atoms was based and the newer knowledge that 
exposed the fact that the atom is not an mdivisible whole The theory 
is Itself mcomplete, but it is the present answer to the present phase. 

This has been no mere digression mto the history of a particular 
epoch m sacnce It is a sample of the large-scale movements that 
have always takeh place there The same characteristic outhnes can 
be seen at almost every stage m its history, and m any one branch. 
It is exactly analogous to the process of thought and action we have 
outhned m the case of mdividual thinking 
In conclusion it is worth while noticing precisely m what way the 
passage to the higher level occurs If we refer back to our three-fold 
categones proposition or law — ^ideas or theones — data — we sec that 
m all cases we tend to retam the ideas or theones and the proposition 
as long as possible, until we are dnven to rehnquish them by the 
accumulatmg data that can no longer be fitted mto the propositions 
that express these ideas. The dnvmg force comes firom the data, the 
matenal world about us, and the struggle is to fit our ideas and our 
language to the accumulatmg data Fmally, the contradictions 
between the ideas and the propositions on the one hand becomes too 
great for us to remain satisfied under the gathenng pressure of the 
data. Thus the struggle between the verbal and mental form, as 
against the facts or content it is stnvmg to accommodate, becomes 
too intense The facts gam ascendancy' and the verbal and mental 
forms melt and set mto a new mould 
Individuals differ considerably m respect to their sensitiveness to 
the cogency of facts, or what is now seen to be identical, m respect 
to the tenaaty with which they hold to the verbal and mental forms 
They have vanous meltmg-pomts, but nevertheless it is the recogni- 
tion of this process that offer us the possibihty of consaous method 
m thinking of adjusting mental and verbal form to concrete reahty. 

M S T — R 
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statement or proposition summarizing all the fundamental knowledge 
on the subject up to his tune It was the end of a phase, the answer to 
a whole senes of experimental quenes, but it was not a complete 
answer On examination, it disclosed a number of gaps that should 
have been occupied by elements, so far unknown, if the table were to 
be complete 

Thus the next phase began with the questions — 

“Can these unknown elements be discovered? Do they actually 
exist? Why have they not been detected m the past?’’ and the kmds 
of answers that were to be expected were immediately provided by 
the table itself The table could tell us very nearly what their weights 
should be, whether or not they would be metals, with what kmd of 
substances they would combme, i e , whether they would easily 
form chlondes or bronudes or oxides and therefore whether it was 
likely they would be discovered m Nature m the pure state, or m the 
form of such compounds It could tell very exactly how soluble these 
compounds would be m various bquids It was able to give even a 
more direct mdication of where to look for them For the properties 
of some of them, m these respects, were so like those of their neigh- 
bours vertically and horizontally m the table, that it wasjust possible 
that the substances classified as their neighbours were not really pure, 
but nught contam some traces of the undiscovered elements because 
the experimental methods of separation had not been fine enough. 

Here, then, we see one phase or era of saentific advance closmg 
with an almost comprehensive answer, out of which there was 
urgendy thrown up a whole battery of questions, problems, contra- 
dictions to, or demals of, the completeness of the answer To these 
questions the kmd of answer, and where to seek it, was mdicated by 
what had already been achieved m the previous phase 

Saence was immediately hfted to a new level There followed the 
discovery of radium, uramum, polomum, etc , a senes of new metals 
that were bound to possess properties of a pecuhar type because so 
far they had remamed undetected These are the so-called radio-active 
substances, and the new phase of modem sub-atomic physics had 
been set mto bemg Qmckly m succession came the discovery of 
radio-active emanations, electncally charged particles of vanous 
tj'pcs that were shot out from these new metals, X-rays, electrons. 
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electric currents, laws of Inagnetism, laws for the passage of heat, 
and for the reflection of hght. Each law has a limited but at the 
same tune a general apphcation It is limited to apply to a particular 
class, but It apphes generally to every member of that class 
That at any rate is the mtention of scientific men when, after 
elaborate mvestigation and experiment, they finally formulate then: 
law. Now we have to realize that such a study is itself simultaneously 
twofold. The saentist seeks the class to which the law is to apply, 
and seeks the law to apply to the class The process is exactly analo- 
gous to that mvolved m the previous chapter where we sought a 
mutual adjustment between question and answer. Take an illustra- 
tion. We talk so ghbly, nowadays, of wireless waves, and hght waves, 
and electromagnetic waves, and the speed of these waves, that we 
rarely appreaate the long and elaborate senes of experiments that 
had to be carried out before it became clear that there was a some^ 
dung resembling a wave with a speed at all. When you switch on 
the electnc hght is it not the most natural thing m the world to 
suppose that the illurmnation is everywhere m the hall instantane- 
ously? If It IS dark at the other end, does the light keep on gathering 
there? Why unagme that it travels or takes tune to travel? You 
switch the hght out; isn’t it dark everywhere instantaneously? One 
tends to think of the hght as being everywhere at once, but bemg 
greatest at the mcandescent filament, departmg and cormng with 
its bnUiance 

When Romer deaded that hght really took time to travel, that 
there was a speed of hght, it was one of the greatest moments m the 
history of saence, for he was separatmg out a measurable quahty of 
the hght. Its speed, whose existence had previously not been dreamt 
of Many years after. Hertz, by settmg up an electnc discharge 
m a condenser at one end of a room, and watc hin g to see if another 
condenser placed at the opposite end also discharged itself, like- 
wise showed experimentally that electnc waves passed outwards 
from the one condenser to the other with a d efini te speed These 
are the wireless waves with which we have become so fa miliar 
nowadays. These people were all bus)’’ showing that there was a 
quahty m common between a whole range of difierent kmds of 
events, electnc discharges and osollatious, and hght, and even mag- 
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THINKING OR NATURAL LAW 

I N THE PRECEDING chapter we have tned to set out in simple 
terms some of the more elementary steps human hemgs take when 
they arc thinkin g My purpose m domg so was to make the taking 
of these steps a consaous action on our part, so that they may become 
objective, open to examination, criticism and refinement. It was 
mtended to be not so much a description as a statement of what to 
do and how to use the method imphcd m it 
We must notice, however, that I have imphcd, nghdy or wrongly 
that such detailed steps as I have outhned apply equally to you as to 
me If you were ahle to say “Perhaps you think m that way It cer- 
tainly IS qmte meanmglcss to me,” it would be reasonable to assume 
that I had not descnbed a general method, but at best a personal 
idiosyncrasy Instead of explaining our thinkmg behaviour I would 
have been concerned vnth my thinkmg behaviour 
I want to underhne these two characteristics to which I have 
referred, viz , the suggested generality of the statements, and the Act 
that the statements are really offered as prescriptions for action, for 
these are the two fundamental features of what arc called laws m 
saence 

A law covers a wide range of cases, it holds for a class of case 
The law of gravitation, for example, states that every particle m the 
umverse attracts every other particle with a force depending m a 
defimte way on their distances apart. Thus the law apphes to the 
class called “particles of matter”, it does not apply to colours, or to 
ideas, or to thoughts The law, properly stated, mdicates the class to 
which It refers It would apply to every particle of the table I am 
wntmg on, to the elements of the water that flows through the bath- 
room tap, to every particle of the sun, but not to my feehngs or to 
mtervals of tune 

For the class of substances called gases there is Boyle’s Law, which 
asserts that the greater the pressure apphed to a mass of gas, the 
smaller the volume it will occupy, there arc correspondmg laws for 
hquids, and for sohds, there arc laws for electrified particles, and for 
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lowed in detail here by Romer, and has been followed m fact at 
every step in saentific progress 

When we examine the law that all electromagnetic waves travel 
"With the same speed, we notice that it appears to have been achieved 
m a comparatively simple way The original class of occurrence 
with which Romer was concerned was that showing “visible hght ” 
In the later development a wider class was defined embracmg this 
class but covenng occurrences not previously assoaated with hght 
This wider d efini tion could not of course be made until a much later 
stage in the history of saence, not before a whole senes of studies 
had been experimentally conducted on electnc discharge and electee 
oscillation The same law was shown however to apply to a wider 
dais That is one method of generahzation Sometunes it works m 
the opposite way. A wider law is shown to apply to the same dass, 
as, for example, when Eins tein propounded the theory of relativity 
and produced a generalized gravitational law. 

How can a general law ever be securely established? When we 
have a set of facts, or as they are called data, and a general statement 
IS made that purports to apply to every member, every item of the 
data, we can verify its truth m each mdividual case If we have a 
group of one hundred railwaymen, and we make the general asser- 
tion that they are all colour-bhnd, m every mdividual case we can 
apply tests to discover, for example, whether each member of the 
group fails to distmguish between red and green. 

The general statement is possible because to test its truth we can 
turn to every member of the class. The class can be exhaustively 
tested If, on the other hand, I make the assertion as a general propo- 
sition, or as a general law, “All railwaymen are colour-bhnd,” I am 
faced with somethmg qmte different. If it asserts that all present rail- 
waymen m this and every country are colour-bhnd, I can dismiss 
the proposition as soon as I come across one who is not If I find 
that all present ones are (which they are not, of course), but read 
the proposition as implymg that all present railwaymen are colour- 
blind and all future railwaymen will be so afflicted, it is clear that I 
can never hope finally to establish the proposition on the same basis 
as It can be established for the restricted or enumerable group 

Now the cimous pomt is that natural laws appear to be of this 
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netic disturbances, so that they could be classified together in respect 
to this quahty Clerk Maxwell, applying a theory of the composition 
of such waves, showed that they should all travel with the same 
speed, the speed of hght When these speeds had been measured and 
found to be equal, we had a law apphcable to a class The law was 
to the effect that all electromagnetic waves travel with the same 
speed, VIZ , 186,000 miles per second 

We see then that the first step was to seek the class to which a law 
could apply, and then to seek the exact law, if it existed If it didn’t, 
the class would have been of no mterest to saentists They look for 
classes which behave m a unifiable and measurable way The things 
studied have to fall mto a class, and their behaviour m another class 
Now It IS worth while noocmg that as a matter of fact Romer had 
already earned through this process to which I am directmg atten- 
tion When he asserted that hght had a defimte speed, and he 
measured its speed approximately, he was thereby already groupmg 
together under one head all the modes of produemg hght To him 
It was immatenal whether it was a burmng taper in his hand, a 
flammg beacon on a distant hiU, or the sun ninety milhon miles 
away He classified them together as emitters of h^ht, and this 
quahty that he thus used to define his class could be, he asserted, the 
subject of a smgle statement true for all members of the class By 
concentrating on light and the conditions under which one could 
detect It, he formed a saentific class, and by estabhshmg a general 
statement about that class he had formulated his law 

This he did because he had a purpose He was mterested m some- 
thing that was puzzling him, a real contradiction, the apparendy 
erratic behaviour of Jupiter and its moons According to his calcu- 
lations and observations they seemed to be getting mto the wrong 
places If these places were correct, then a whole senes of other calcu- 
lations would be wrong, and a whole senes of other observations 
would contradict each other Immediately he reahzed that hght took 
time to travel, and that by the time he saw the moons they had 
already moved to a different place, the apparent contradictions were 
resolved The whole process hterally was seen m a new hght. Notice 
again that what we have stated m the last chapter as the characteristic 
of thmkmg, the rcsolvmg of apparent contradictions, is agam fol- 
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theory and the practice of saence are knit up on all sides with an 
interlocking mass of expenments, all depending one on the other 
and each continually bemg tested by practical prediction 

This, then, is the second characteristic of a natural law to which I 
made reference m the earher part of this chapter First it is a law 
descnbmg the behaviour of members of a class, and second it is a 
prescnption towards action Its generahty is tested m its use When 
therefore we say that Boyle’s Law apphes to all gases, what we mean 
IS that if for some purpose you have to use a gas an^ you are con- 
cerned with its pressure and its volume, you had better try out 
Boyle’s Law If you have to inform pilots when they may find high 
water or low water at a particular port you tell them to look up the 
Nautical Almanack That is the practical form in which tke pdot, 
perhaps unwittingly, apphes the law of gravitation The practical 
form m which the saentist apphes it, is to compile the Nautical 
Almanack on the basis of the law that the attraction of the particles 
of the sun and moon are, along with the rotation of the earth, 
responsible for the rismg and falhng of the tides 
The process of passing firom a statement about particular cases, to 
the general statement that a whole class of non-enumerable members 
follows (or can be exammcd by) the same law is usually called 
induction 

Most books on logic present mduction as a sort of illegitimate 
attempt to pass from a senes of particular cases to a general proposi- 
tion As regards its apphcation to saence such a statement isolates it 
firom one of its pnme functions, the part it plays m the active pursuit 
of saence 

Induction is clearly inherent m the method of saence, but we 
must not jump to the conclusion that saence is therefore a sort of 
illogical proceeding Its laws, as we have seen, are not merely general 
all-embracmg statements or logical formula;, but pieces of advice, 
and because they are pieces of advice they offer us what we have 
continually demanded here, within their limits a method of helpmg 
us to dcade what to do vath the world 
Saence tells us how the world has been handled successfully m 
the past. It staves to crj^talhze that information by stating it m the 
form of concise laws of behaviour, and m effect it says: “When you 
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kind How can we ever show that the law of gravitation apphes to 
every particle in the universe’ How can we ever be sure that Boyle’s 
Law apphes to every mass of gas? That all electric currents m the 
future will follow Ampere’s Law, and that heat wdl always pass 
from one conductor to another accordmg to the heat laws’ 

It IS clear that all we have to go on are the facts But what are the 
facts’ Now the facts are not simply a set of data which have been 
seen to fall mto a class and, havmg been exammcd, satisfy the law 
as stated That would m one sense be all the facts if we had tested 
every member of the class, but general laws m saence are not very 
usable or useful when they arc of this restricted nature The key 
word m this situation is useful 

In seekmg to establish a general law it is not simply idle cunosity 
that prompts us To suppose that saence has arisen simply as a 
result of pure mquisitiveness m man, is to misread its whole history 
Individual saenasts are of course mquisitive and mterested m the 
world, just hke other people, but this does not m itself give saence 
a greater importance than stamp coUectmg Saence has been 
developed, and has come to occupy the important place it does m 
soaety, because it has been found soaaUy useful, and its use hes m 
the fact that when it has discovered a general law, or supposes it has 
discovered such a thmg, it tests out the truth of the law by finding 
a use for it This it does by trying to tell m advance what will happen 
m certam circumstances It is used m the first instance for makmg 
predictions The predictions are not confined to abstract geometry 
or to celestial mcchames They enter mto every aspect of engmeer- 
mg and mdustnal technology Saence is the modem substitute for 
prophecy If a general law m saence cannot be used for prophecy. 
It IS not of much consequence 

When we state, for example, that common salt when treated with 
sulphunc aad gives off hydrochlonc aad, we state it on the basis of 
a large number of experiments directly and mdirectly construrted 
to test the truth of the statement. Conviction comes with even 
greater force however when the statement is used to design an 
mdustnal plant to produce hydrochlonc aad on a large scale, or 
when some other expenment gives a result already anuapated on 
the basis of the supposed fact about hydrochlonc aad Both the 
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common use among non-speaalists, "when the subject is not a 
specifically saentific one Again, when put m this form the question 
IS immediately raised whether the two classes are identical m extent 
We rmght ask, for example — 

Are there any thmgs movmg with the speed of hght that are not 
electromagnetic waves^ This suggests a hne of mquiry and further 
study If the answer is m the negative, then we can reverse the 
statement with equal truth and say — 

“All thmgs that move with the speed of hght are electromagnetic 
waves ” 

The two classes we have referred to become identical This is 
what can be called the necessary and snffictent form of the law Any 
object possessmg the one characteristic necessarily possesses the other 
It IS suffiaent to possess one m order to possess both The two classes 
are co-extensive 

If two classes he co-extenstve and tf an object be identified as being a 
niember of one class then that object is also a member of the other This is, 
m reahty, a process of identification and is known as deduction In 
this form it is a method that is practised m all branches of expen- 
mental saence It is also the basis of all mathematical mvestigations 
For that reason mathematics is frequently referred to as a deductive 
saence 

The form m which we have stated the pnnaple used m deduction 
is however not the most general In discussing the denvation of 
classes firom an mdmdual object, by separating off for consideration 
only one quahty, we pomted out the twofold character of such an 
object. First it was to be regarded as typical of a class or a senes, 
and secondly we could reverse the procedure and specify the object, 
up to a pomt, by detaihng the classes to which it belonged. 

This twofold mode of approach is nothmg more than the presenta- 
tion of mduction and deduction again. 

Accordmgly we can state deduction m this form: If two or more 
classes be only partially co-extenstve, and if an object possesses each of the 
defining characteristics of each of the classes, it is a member of the class 
common to all 

Let us illustrate with a simple case m geometry. We start with a 
circle and we want to find its centre, the latter being defined as the 



THINKING 


506 

also come up against a situation like this, base your actions on the 
cream of our experience You will find it embodied m this law Do 
not regard it as final, use it rather as a method or as a plan, and if 
It does not work let us know, for our object is to get a law that 
does work If you wdl use it m this way, you will use it saentifically 
It IS not simply a static, logical, proposition ” 

It IS usual to contrast induction with deduction Here the process 
IS reversed A certam proposition is stated to be true for all members 
of a class Speaal information about a particular object shows it 
must be regarded as a member of that class We declare that the 
general proposition apphes to the member Stated m this bald way 
deduction appears a rather useless procedure If the onginal class is 
hmitcd m extent, then we already know that the general statement 
can have a vahdity only m virtue of the fact that it has been tned 
out m each particular case To deduce m these circumstances that it 
is also true for one of the members of the class is then simply 
re-assertmg somethmg we know It becomes a mere game of words 
If the class is unhrmted in extent, then deduction apphed to a mem- 
ber not already among those tested becomes cqmvalent to what was 
done imdcr mduction, viz , usmg the general prmaple as a hne on 
how to treat the new member 

In neither of these two senses does deduction appear to add any- 
thmg to what we have already discussed Yet m another way how- 
ever deduction plays a very important role m saence and m logical 
thinking 

To some extent we have already dealt with it when we were 
discussing how classes were formed Consider it m this way. 

When a law is stated about a class it takes the form — 

All members of a certam class defined by one charactcnstic have 
also another characteristic For example “All electromagnetic waves 
have the characteristic of movmg with the speed of hght”, or statmg 
It entirely m terms of classes — 

“All members of the class electromagnetic waves are also mem- 
bers of the class of processes that change with the speed of hght.” 

Put m this form we must remember that there must be methods 
ofidennfymg the two classes These are m this case the experimental 
methods of saence, but they may also be the ordmary methods m 
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feet that when stated it appears obvious is itself evidence that we 
have reduced the treatment to a descnption of fundamentals For 
consider for a moment what we can mean by the assertion “It is 
obvious that,” etc. 

Every argument when followed closely, if accepted, step by step, 
is clinched systematically by a feehng of consent, of admission, of 
acquiescence “Yes,” we say “yes, go on” and then “yes,” agam, 
until the final chmax when we find we have agreed to the whole 
argument It may happen nevertheless, (hat we have accepted the 
argument, step by step, and yet when the final statement summanz- 
mg the whole is made, the same sense of conviction is not by any 
means present Each elementary step has been reduced to the obvious 
but the whole puzzles us There is a new quahty m the whole, absent 
m each detail. 

These are just the two stages or levels of thuiking to which we 
have akcady made reference, showmg themselves m yet another 
way Each step m the argument leadmg up to a conclusion has to be 
made so small that each m itself is reduced to the obvious But it is 
a step forward, it is a process of change m thought, not a set of 
static steps If we appear to reduce it to the truism that A is A, at 
the same moment it also becomes somethmg else Each step is tiny 
enough for us to mount, but they are steps that we vwwU, steps up 
which we move. If in this way we ascend to unaccustomed heights, 
we fear we arc bemg led astray, that we have lost (he control we 
felt we had over die whole situation, and we want to pause to 
become fairuhar unth the new scene It is only m an atmosphere o^f 
famihanty that we can agree and be convmced. 

So also with the elementary step. We accept it when we can see 
all round it, when we can imagmc or visualize all the possibihties, 
and when we reject them all except the one, the oudet to the next 
stage of the argument The obvious is the recogmtion of elementary 
necessity, which is itself all w^c can mean by logical imphcation. 

When we look at the obvious from this standpoint we begin to 
realize how much the cogency of our thinking depends m detail on 
our expenence and on our imagination An argument that unU con- 
vmce a cluld will not deceive a more mature person How often have 
we not had said to us when we were young — 
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point which hes at an equal distance from all the points of the cir- 
cumference Fix A, B, c, any three pomts on the circle, and concen- 
trate our attention on the pomts a, b alone There is a class of pomts 
that are eqmdistant from A and B They all he on a straight hne at 
nght angles to the hne ab through the rmdpomt of ab But the 
centre hemg eqmdistant from aU pomts on the circle must therefore 
be a member of that class In the same way the centre must be a 
member of the class of pomts on the straight hne lying at nght angles 
to BC and through the midpomt of bc Thus the centre is a member 
of both classes These two classes are not co-extensive They have 
m fact only one member m common, viz , where the two hnes 
meet. This then is the centre 

Or agam consider a case from the field of chemistry We are given 
a certam clear hqmd m a tube We have to detect what me talli c com- 
pound IS dissolved m it We add a httle hydrochlonc aad. It remains 
clear We conclude that the substance present does not belong to the 
class that forms msoluble chlondes This ehmmates silver and lead 
at least Through this we bubble the gas called sulphuretted hydro- 
gen, and a yellow deposit or preapitate is formed We conclude that 
the substance belongs to the class that has a yellow sulphide msoluble 
m an aadic hqmd This cuts out everythmg except cadmium and 
arsemc We filter off this preapitate, add warm water and a htde 
, sohd ammomum carbonate The preapitate disappears We con- 
clude that the ongmal hqmd contamed arsemc This is part of the 
regular chemical method for analysmg a substance to discover which 
metals arc present, and the essence of it is simply that by a system 
of CTOss classification we are finally led to the conclusion, from our 
knowledge of arsemc, that it is the only substance that falls mto the 
vanous classes mdicated 

It may bc said that a great deal of this is commonplace m all 
systematic work, and too obvious to bc worth stating For instance 
the statement of what we mean by deduction given above seems 
almost a truism Why give it a speaal name^ In the first place it is 
■vNorth givmg a speaal name, if mdecd, by so domg, we become 
consaous of the steps we take m any logical study If what we have 
stated IS an essential step m any mvcstigation, and the illustration 
vTth the circle is one of the simplest that could be given, then the 
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colour gives one colour ” We state this usually as “blue and yellow 
give green” which is equally a law of addition If we take as our 
measure the number of colours, we can state the appropriate law of 
addition m this case as one and one are one 

A dozen tnbutanes combme together to give one stream. If I 
consider the tnbutanes only as objects, of course, I will get the 
ordmary law that, one plus one, etc , form the group of tnbutanes 
“twelve,” but if I am talkin g of the actual law of combination for 
the lands of objects I have detailed we may state one stream plus 
one stream, etc , etc , combme to form one stream Two separate 
ideas, logically combmed together as ideas to form a conclusion, 
another idea, is agam a process that behaves accordmg to the law 
“one and one are one ” 

The world is full of processes that would seem tnvial if handled 
in the way m which one handles simple discrete objects I combme 
together two separate groups each of five objects The result is one 
group of ten objects but it is one group. One group and one group 
combmed give one group They may then give any number up to 
ten groups m this case, if the process is reversed. Only m a very 
restncted sense can we ever talk of a process bemg “exacdy reversi- 
ble ” Before the reverse step is embarked upon the world is already 
different if only from the fact that the direct step has already 
occurred Few actions can be undone Nature moreover is very par- 
ticular about the order in which the combmation may take place 
In combining obj ects it is immatenal which I take first But the process 
m the eyes of the pohce is very different if instead of bemg shot and 
then dymg, I die and am then shot* 

We must not separate the law from the operation to which it is 
apphcable. 

Laws of nature do not stand on their own as abstract prmaples 
mdependendy of the actual physical events that happen m the mu- 
verse They do not “gmde” processes It is from the processes that 
take place, that we have to discover the laws they exhibit We tend 
to think of natural law as a sort of external force that compels 
matenal dungs, wdly-mlly, to flow along m a particular way This 
is indeed puttmg the cart before die horse The umverse in its per- 
petual state of flux is a changmg medley and our laws have to 
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“Oh, yes, this is all very simple to you because you don’t appreaate 
the difficulties ” 

A young mmd tends to ignore the complexities and mtercon- 
nexions with the rest of the world The mmd becomes fixed on the 
objective, and other possibihties, either do not suggest themselves 
or seem of tnvial importance compared with the cruaal pomt. 

“The pomt is ’’ we keep on repeatmg, endeavounng to direct 
the attention away fi:om what are to us side issues 

Throughout we are contmually limited by our restneted experi- 
ence What we alone have always seen to be the case we tend to 
take as necessities of nature Take for example such a simple asser- 
tion that “one and one are always two ’’ Is this a law of nature? Is 
It a necessity of thought^ Can we avoid always actmg on the assump- 
tion that this IS so? And here let us dismiss what may become merely 
a verbal confusion We do not define the word two or the symbol 2 
as a shorthand expression for the phrase “one and one’’ or “1 and 1 ’’ 

If we begm by thinking of our tnangle of reference agam, we wiU ' 
see at once that the symbols one and two have to refer to objects 
or processes If we are to regard “one and one are two’’ as a natural 
law, let us then ask for what process is it natural and useful? As we 
have seen this is not to be distmguished from the question “on what 
basis does it rest?’’ The statement, then, refers to a process, one 
representmg a combination. One entity is to be combmed with 
another and eqmvalcnt one and the result of the combination is to 
be a group of these entities to which as a group, we have to apply 
the name two More than this The process is to be reversible It 
must be possible to separate the group two mto one and one of the 
onginal type We shall see m a moment that we have already begun 
to tread dangerous ground Suppose I take as my entities colours, 
blue and yellow I combme the two colours This I may do m 
vanous ways I can place them alongside each other as if they were 
objects, and then the proposition is certainly correct I can take them 
apart again, and I have the two colours To do this, however, would 
not use the fact that they were colours I need not have classified 
them as blue and yellow if I was gomg to treat them merely as 
objects How docs one combmc colours? There are vanous ways of 
domg this, with the result that I get “one colour added to one 
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all IS unaware' of the nature of the changmg, developmg 
world 

There are some, however, who mamtain this Extractmg a set of 
formal rules, they argue that by studymg the “grammatical” struc- 
ture, rules can be drawn up that are essentials of aU thought, freed 
firom the actual matenal to which they may be apphed Thus — 

All p IS Q, all Q IS R, and all R is s, therefore all p is s Such state- 
ments are either tautologies, that is to say there are three superfluous 
names to the content of P, viz., Q, R and s, or else the truth of the 
proposition follows not from some absolute law of thought but 
firom expenence "with groups of objects It has a vahdity correspond- 
ing to “one and one are two” and has to be tested out m practice, 
as we have already seen m that case. 

Can finality then m the form of a perfected logic ever be attamed? 
Surely not. If the mathematician of one generation can pomt to the 
weakness, m reahty the deficiency m imagination and m expenence, 
m the proofi ofiered by the mathematiaan of the previous, how can 
he refiam firom comparmg also his own conviction that he has at 
last established his propositions beyond question with that of his 
predecessor who also felt the truth of his assertions with equal 
strength Rather have we to see it as part of man’s voyage of dis- 
covery m which as we acquire more and more knowledge of the 
world, as we tamper with the world to acquire this knowledge, we 
also acquire more and more understanding We mterpret its mean- 
ing more deeply to ourselves Experiment, reasoning, and emotions, 
all play their part in the process, and we wiU make a senous error 
if we imagme that any one of these, at any stage of history suffices 
m itself, for the task as if it had attamed complete perfection as an 
instrument of discovery If the obvious hes mdeed at the root of 
“proof” then it is the obvious for us human Rrings here and now; 
and human bemgs are what they are, rather I -fuddled members of 
the human race, gropmg their way forward ^o hght 
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describe the world as it is By our methods of classificatioii we can 
see the groups mto which these processes fall, just as we can see the 
■categories mto which objects fall They are real categones and real 
■classifications, because the objects and the processes do have the 
•characteristics we have recognized, that have enabled us to group 
them What we have to be aware of, is not too hastily to assume 
that, when we have succeeded m formulatmg a general law, it has 
.a vahdity wider than the processes it can help us to understand. These 
we can be certam of, only by trymg them, by searching them out. 
Not only have we to ask how wide is this law, but at the same time 
how narrow is it In searching and trymg, we brmg our imaginative 
-power to bear In doing so we are contmually extendmg the scope 
•of the obvious, makin g the falsely obvious mto the obviously false 
All this has to be fitted mto the picture of man’s development 
•sketched m Chapter Two 

Where does logic stand m relation to this? Logic is presented to 
us as a statement of the rules for reasoning, the process we follow m 
anakmg correct inferences Offiaally logic is not concerned with 
physically verifiable inferences This must not be confused with clear 
-thinking if by the latter we mean thinking m such a way as to amve 
at conclusions that arc borne out m practice For the latter mvolves 
maintaining contact perpetually -with the real world, and checkmg 
lOur conclusions against it after each mental excursion Just as we 
have sought throughout these discussions to preserve agreement 
Between idea and thmg, the very essence of saence, so m thinkin g 
we must seek perpetually to preserve agreement between process m 
thought and process m thmgs The logical sense we have, the sense 
■of imphcation and of inference has been historically produced m us 
m this way by the impact of the real world upon us It is the mental 
reflection of the behaviour of the umverse, and m -virtue of that it 
becomes an instrument of discovery to us .As the umverse runs 
through Its changes, so our expcnence -widens and our logical sense 
becomes more acute Thus our logic cannot retnam static, but must 
needs keep pace -with the umverse Logic cannot therefore be lifted 
as a subject, once and for all, out of space and time and matenal 
thmgs, as a permanent grammar of thought, he who imagmes he 
ias wntten the grammar of any h-vmg language once and for 
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It IS mainly a matter of custom that makes us state an ordinary 
physical law about a defimte saenttfic process m exact terms, and 
blame the departures from it on the “error,” while we state a statis- 
tical law as an average effect They are in a sense both average effects, 
where the crucial difference usually hes is m this. With a physical 
experiment we can change, and, up to a pomt, control the experi- 
ment, choose the circumstances in such a way as to reduce the inter- 
connexions with the rest of the world to the barest minimum It is 
just with circumstances such as these that physical saence is con- 
cerned. With most statistical laws, on the other hand, espeaally 
where they are laws relating to masses of people, we must take life 
as we find it, we must take the experiment as the mass of people 
conduct It on themselves. 

It IS because we do not usually control the behaviour of masses 
of people who are to make their laivs hy their behaviour, as other 
matenal thin gs do, or because the mass of people do not control 
their behaviour as a mass, that we are prone to ignore the fact that 
they also show a pattern to which laws apply. Yet there are many 
individuals m the commumty whose busmess it is to extract just 
these laws and to act or advise action on a knowledge of them 
Every time a budget is made for any country, an estimate has to 
be compiled on the basis of a knowledge of how people who have 
to pay taxes wdl behave m that respect, what proportion wdl success- 
fully evade as the rate of taxation is made steeper Radway com- 
pames adjust their fares and their tram service on forecasts or 
predictions or propheaes of how the traveUmg puhhc wiU behave 
A great sports event takes place m a aty. These compames have to 
forecast what the distnbution of traffic and turnstiles and radway 
officers must be in order to cope with the congestion and mcur the 
minimum of delay Every telephone exchange has to know very 
precisely the laws of behaviour of its subsenbers when they make 
then calls most frequendy on the average, and how long on the 
average the Imcs are engaged if they are to satisfy then puhhc. 
Every stockist of a goods store, has to have a very accurate know- 
ledge of the huymg behaviour, the hkes and dishkes of his customers 
m order that he may not be left with a volume of useless goods on 
his hands 
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mean that I find this law exactly fulfilled m all cases I find that 
sometimes it !« rather more, sometimes rather less than halved, but 
m all cases I can also “put the blame” for the difference between 
what IS found and what is expected, reasomhly on vanous small 
factors that mterfered with the course of the experiment. Perhaps a 
htde of the gas escaped, perhaps the heat firom my body made it 
expand a htde, perhaps the temperature of the laboratory did not 
remam unchanged throughout the course of the experiment AU 
these peradventures, be it noted, arise firom the mterconnexions of 
the experiment with the rest of the umversc, myself, the condmons 
m the laboratory, the climatic conditions, and so on. 

When wc talk of an exact law we are thinkmg of an idealized 
situation that is never fulfilled m the real world, a situation m which 
the experiment is completely isolated firom the rest of the changing 
world And because we think m terms of an exact law, these factors 
that we blame for the differences, we call errors of the experiment 
In this sense it is impossible m the actual world of affairs to conduct 
an experiment without errors Errors are real They are evidence of, 
and give a measure of, the mterconncctedness of the experiment 
with the actual world So m reahty when we want to use a law m 
practice wc have to use it not as an idealized law, but with a margm 
to allow for this feature we have referred to 

Once we have grasped the idea that a natural law is not exact m 
the usually stated form, we are ready for a wider conception and use 
of natural law If I state that 80 per cent of the population are not 
engaged m their normal occupations on Saturday afternoons I am 
statmg a law of behaviour of a social group, but if you were to take 
a census next Saturday afternoon I should not expect it to give 
exactly 80 per cent. It might be as low as 75 per cent, or it might 
be as high as 85 per cent. I might then amend it by saying that it is 
80 per cent on the average, or by saymg “Every Saturday between 
75 per cent and 85 per cent of the population are not engaged m 
their weekday occupations ” The latter form would be exact if it 
were found that all cases fall within those hrmts 

Such a law is called a statistical law It is a law of averages, but it 
can be stated m a form that makes its apphcation precise by bnngmg 
the clement of imprecision mto the statement 
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THINKING ABOUT DETERMINISM 
AND FREEWILL 

T he fateful days ofAugtist, 1914, saw millions of the youth 
of every country march m regular formation to systematic and 
routme slaughter It was, m one sense, a dramatic if hideous cul- 
mination to an age of standardized production and of mechanized 
humamty A century of mdustnal saence and of saentific mdustry 
had succeeded m producmg an environment m which the mterests, 
the desires, the thoughts, even the actions of large masses of the 
peoples of the west were bemg shaped for them by forms of soaal 
organization of which they themselves realized htde In spite of the 
few outstandmg cases of mdividuals who by their actions and then 
wntmgs had shown that they had escaped &om the deaderung and 
crampmg effects of then immediate envnonment, the great mass of 
the population remained frozen economically and intellectually 
withm then class The son mhented his father’s position in soaety, 
generally the miner’s son remamed a mmer The mechamcal deter- 
mimsm of the runeteenth century, with the whole weight of 
physical saence apparently on its side, found here a smtable milieu for 
the acceptance of a fatahsm that pictured the lot of man cast mdmd- 
uaUy and collectively m a defimte and mescapable mould To this 
philosophy of despan the events of the war of 1914-18 contnbuted 
m no small measure In the years that have elapsed since that date, 
events have conspned to underhne such a philosophy m the mmds 
of many of the younger generation In a world of strife and turmoil, 
where human bemgs are regarded and have behaved as htde more 
than regimented manonettes, obeymg even to the death, the behests 
of a leader who himself mdulges in speeches whose content can be 
predicted with astonishing accuracy, there is htde sign that human 
bemgs themselves possess any of the characteristics to be assoaated 
with freedom m the mdividual will Condemned to take his stand 
m an unemployment queue imtil whatever manhood he may have 
possessed has forsaken him, or possibly more fortunate, tramed to 
effiaency m the arts and finding the doors of useful communal 
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The whole of our soaal life is interpenetrated with patterns of 
behaviour of groups of people that are legitimate subjects for expres- 
sion m the forms of laws Here, mdced, we see very clearly how 
important it is to seize hold of the idea that it is the object or process 
that exposes or makes its lavre m its behaviour Nevertheless, all we 
have said m the preceding chapter about these laws bemg couched 
m the form of classifications holds with equal strength here 

More than this Laws are formulated as prescnptions for action. 
The illustrations given-above show how simple laws of groups are 
used m business and soaal admmistratioii. Now man rests his claim 
to a higher level of life than the animal on the fact that he is not 
only consaous but self-consaous, and he uses the fact to implement 
that claim Nevertheless, while he may be aware that other sclf- 
consaous bemgs make their laws m their actions, he is not usually 
consaous of the laws he himself forges He is in this sense not fully 
self-consaous In the same way when collections of bemgs make 
their collective laws m their mass behaviour, others may become 
ahvc to these laws and use them as we have illustrated Only when 
such groups become consaous of the latvs they forge and of the 
laws they can forge, and thus dehberately direct their activity, and 
use that activity m a collective purposive 6shion, will it be reason- 
able to say that they will have attamed the higher level possible for 
human beings m soaety It will represent the first great step m the 
advance of mankmd towards the control of his own future 
• Finally, we can but point one stage further m this search for 
natural law If there are laws for the behaviour of objects and simple 
physical processes, for human beings as mdividuals, for sectional 
groups m soaety, are there not also laws for the behaviour of whole 
soaedes^ If we trace the history of man, as we have done broadly 
in Chapter Two, throughout its successive stages firom barbarism to 
avihzadon, could we also say that it shows a pattern of behaviour, 
a defimte law of change on the basis of which prcdicdons and fore- 
casts rmght be made of the kmd of life man wdl create for himself? 

We are not yet ready for the answer to this question 
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ter in tie universe and about the ijiutual interactions of every 
particle the future could be laid bare before us To adopt this view- 
point IS to be guilty of something unnatural, unrealistic Saentific 
theones and saentific prediction are made by human bemgs with 
the matenal at their disposal, with the knowledge and the saentific 
instruments that have been gathered and created up to that pomt 
It follows that one of the most reahstic assumptions that has to be 
made m every saentific analysis is what might be called a pnnaple 
of Ignorance Our powers and knowledge are restncted Events are 
occurring that at the moment are outside the scope of our study and 
any imaginary theory based on the assumption that if we knew 
everything m space at any given time we would know everytlung 
m time withm any given space, is a pure fantasy It is outside physics 
It IS metaphysical 

This pnnaple of ignorance which is as fundamental to our 
approach as any pnnaple of knowledge imphes not only that events 
are happemng beyond the range of our strongest telescopes but also 
beyond the range of our most effective miaoscopes The field of 
knowledge is restncted at both ends and saence as it develops 
extends this range as far as human ingenmty and human needs can 
carry it 

This has a very important beanng on the problem of deter- 
minism It imphes that m the field within which saence works it 
would be false to expect that every event that occurs can be fitted 
without exception mto a complete well-rounded, highly-pohshed 
set of saentific laws If this were the case, there could be no such 
dung as acadents A reahstic saence must find a place for acadents 
even as it formulates its general laws This does not mean that the 
existence of acadcnt imphes m some sense the presence of the mys- 
terious It may be that an mdividual occurrence cannot at any given 
moment be linked up vnth what we have regarded as the ordinary 
sequence of events, but nevertheless the fact of such an acadent itself 
becomes an expected and to that degree a rational thmg — once we 
clearly apprcaate the mcamng of our pnnaple of ignorance Intru- 
sions from outside the restncted field of knowledge are themselves 
natural events. 

To leave it m this position, however, would clearly be unsatis- 
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service effectively barred to him, or even struggling for a few 
months desperately to revolutiomze soaety m the immediate hope 
of creating a new heaven on earth, youth may be mdeed excused 
for shppmg back mto an mescapable fatalism Even those who have 
come to regard themselves as the fortunate possessors of a routme 
job, where hour after hour, and day after day are spent m the 
repeated performance of the same deademng task, must needs justify 
their position m life by an appeal to fate It is m this bovme mood 
that many of the younger generation, and not they alone, regard 
the activities of those who would stiU stnve to make of the world a 
place habitable for a self-respectmg humamty With such the hope 
of youth has early given way to the cymcism of old age 

M ankin d is a mass of contradictions The century that saw the 
age of the machme tnumphant, that by its very success appeared to 
place the final seal on mechamcal determinism saw also as a con- 
sequence the ascendancy of a new class of mdustnal entrepreneurs, 
that attributed its rise to individual foresight and force of wiU It 
was this class that demanded as an inahenable nght of man the free- 
dom to use Its will and supenor judgment to its own advantage, 
subject only to the dictates of the mdividual consaence If it was 
the age of mechamcal determinism it was also the age of freedom 
of the mdividual will, and because these two philosophies co-existed 
side by side withm die same soaal framework, m spite of their 
obvious contradiction, they probably did m fact each represent a 
partial truth 

That there are aspects of nature subject to mechamcal law, the 
whole history of saence bears witness If the test of determinism 
rests m the capaaty a theory possesses to predict events then every 
saentific discover)% every engmeermg design, every mvennon is 
evidence of its truth Saentific theones must be of a deterministic 
nature They have to expose order and logical connexion among 
saentific facts They have to stand the test of showmg diat the order 
withm saence enables an order vnthm nature to be brought to hght 
If there were no order m nature there could be no order m saence 

It IS cas^f on this basis to shp mto a very fallaaous approach to 
such questions as prediction and determimsm We easily shp to the 
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piston are guided by the C)^linder and the explosion? Does he not 
plan as if he were free^ It is impossible in the space of one chapter 
to deal with more than one shght aspect of this question 
In the last chapter reference was made to the difficulty some people 
feel m behevmg m the possibdity of laws of nature that “govern” 
the actions of human bemgs The difficulty is both of an emotional 
and of an mtellectual nature, and anses firom a contradiction between 
a feehng and a set of ideas We all feel mdividuaUy that withm 
hunts we can do what we wish, while we know, and we feel, that 
we cannot jump off the earth, we feel and we know that we can 
walk out of die house m which we are Or we can stay where we 
are, just as we wish Within limits we feel we are free agents On the 
other hand, if the umverse — and by the umverse we mean every 
element of the umverse, mcludmg our actions — ^were to foUow cer- 
tain laws of nature mexorably, how could this be reconciled with 
the freedom m choice of action that we feel we possess^ We find 
ourselves mvolved m a contradiction, a tug m opposite directions, 
our subjective feehngs pulling one way and our mtelhgence appar- 
endy the other 

From this conffict people tend to range themselves on two sides, 
each of which agam mvolves a contradiction 

On the one side are those who deny freedom after liberating them- 
selves from preconcemed prejudices by mtellectual analysis, on the 
other, diose who are compelled by their feehngs to assert that they 
are free 

Let us endeavour to think out this problem, to resolve the con- 
tradictions we have here exposed We must first sharpen the con- 
tradiction and then proceed to find a background against which 
both standpomts may be seen and reconcded As they stand they 
seem irreconcilable We shall have to recast our problem m the hght 
of facts 

Certam data we can accept at once We all have the feehng that 
we are free to choose It is a feehng Can we setde exacdy what ideas 
and precisely what kmd of actions correspond to this feehng^ Now, 
the first pomt diat mtcrests us and on which we require information 
IS the qualification that is made within limits What arc the limits^ 

We cannot jump off the earth We cannot lift a weight of more 
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factory and saenOsts have therefore devised methods of handling 
such pecuhanties Let us illustrate "with two cases Whatever be the 
detailed history of the ongm of the earth occurnng as it did at a 
time outside the range of precise knowledge, whatever be the 
theones that have been produced to link this event with known 
laws of development, as far as we are concerned we must accept it 
m some degree as an acadent Now the detailed mode m which 
this occurred will clearly have a determining eflfect on many of the 
subsequent changes that take place on the earth itself For example, 
if the earth was thrown off from the sun its composition will be that 
pecuhar to the region from which it was ejected So will its initial 
temperature There are many factors m such a situation that must be 
classified together as representmg the situation at the actual aca- 
dental ongm Given these acadental pecuhanties, however, the 
changes on and •withm the earth occur systematically, and according 
to knoAvn saentific laws Out of the mitial disorder emerges order, 
out of acadcnt, regulanty The subsequent history of regular changes 
on the earth arc contmgcnt on the imoal acadent 
The second line of approach is to recognize certam forms of regu- 
lanty m groups of acadents If we take a target for example, the 
mark of each shot shows a deviation from the bull’s eye which m 
ordinary speech we explain as bemg due to "errors” m sighting and 
m setting Whatever they arc “due” to, they constitute the uncon- 
trollable acadents They represent mtrusions from outside the con- 
trolled field of the marksman And yet the distnbution of shots on 
a target, provided there arc suflSaent of them, shows a very charac- 
teristic appearance They follow a certam law — a law of acadents 
We shall later return to this question m greater detail 

Saentific laws nevertheless are not simply desenptions of natural 
processes, they arc themselves instruments for action Histoncally 
man’s objea m pursumg saence is to seek control over nature, to 
make of the world what he wishes, provided it can be so made 
Thus that part of nature that is man itself embodies one of the forces 
that shape the course of events, and saence is the instrument that 
serves him to that end Is he mdeed free m this process, or is he 
himself a mere mcchamcal agent, the victim of more fundamental 
laws that govern and control him as rigidly as the movements of the 



THINKING ABOUT DETERMINISM AND FREEWILL 523 

piston are guided by the C)'linder and the explosion? Does he not 
plan as if he were free^ It is impossible in the space of one chapter 
to deal with more than one shght aspect of this question 
In the last chapter reference was made to the difficulty some people 
feel m behevmg m the possibdity of laws of nature that “govern” 
the actions of human bemgs The difficulty is both of an emotional 
and of an mtellectual nature, and anses from a contradiction between 
a feehng and a set of ideas We all feel mdividuaUy that withm 
hunts we can do what we wish, while we know, and we feel, that 
we cannot jump off the earth, we feel and we know that we can 
walk out of die house m which we are Or we can stay where we 
are, just as we wish Within limits we feel we are free agents On the 
other hand, if the umverse — and by the umverse we mean every 
element of the umverse, includmg our actions — ^were to follow cer- 
tain laws of nature mexorably, how could this be reconciled with 
the freedom m choice of action that we feel we possess^ We find 
ourselves mvolved m a contradiction, a tug m opposite directions, 
our subjective feehngs pulling one way and our mtelhgence appar- 
endy the other 

From this conffict people tend to range themselves on nvo sides, 
each of which agam mvolves a contradiction 

On the one side are those who deny freedom after liberating them- 
selves from preconcemed prejudices by mtellectual analysis, on the 
other, diose who are compelled by their feehngs to assert that they 
are free 

Let us endeavour to think out this problem, to resolve the con- 
tradictions we have here exposed We must first sharpen the con- 
tradiction and then proceed to find a background against which 
both standpomts may be seen and reconeded As they stand they 
seem irreconcilable We shall have to recast our problem m the hght 
of facts 

Certam data we can accept at once We all have the feehng that 
we are free to choose It is a feehng Can we setde exaedy what ideas 
and precisely what kmd of actions correspond to this feehng^ Now, 
the first pomt diat mtcrests us and on which we require information 
IS the qualification that is made unthin limits What arc the limits^ 

We cannot jump off the earth We cannot lift a weight of more 
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than a certain amount, no matter how much we may try There are 
physical limits Sometimes we fed falsdy about such a matter I ask 
you whether you can run a nnle You feel you can, you try, you 
fail, you feel you cannot. You have changed your feeling m the 
practice You have discovered a physical limitation, and an unfounded 
feehng 

But, you argue, you still fed free to do all the other things you 
can do That also we can accept, but the fact that we sometimes fed 
free to do dungs we cannot really do is rather serious We can have 
feehngs apparendy about ima ginary possibihties After all, we follow 
only one course of behaviour at a time If we can do only one thing 
and at the same tune m the domg of it we fed free to do that and 
other thin gs, we begm to have some doubts about trusting to our 
feehngs alone m such matters Or we may put it even stronger 
Let us suppose we were placed m such an awkward situa- 
tion that there was dearly only one dung we could possibly do, 
would we say we were compelled to do it, or would we say we 
were free to do it^ If we were bound hand and foot, and wanted to 
go for a walk, it would be an abuse of language to say we were free, 
but our bonds would not permit We certainly would not be free to 
do what we want There is, however, such a thing as resigmng our- 
sdves, rccogmzmg that we are hopelessly bound hand and foot. If 
the result of this recognition changes our desire, and we no longer 
want to go for a walk, but want to remam boimd hand and foot, 
are we not at once free? 

The illustration may appear far-fetched, but it contains the kernel 
of a truth we seem to be approadung Perhaps we can state more 
concisely the pomt we have reached, statmg it in the form of a ques- 
Unn., sa ihal. the. onsgnaL ourtradinMnns. stand, out. mnre. shar,i2l.jj 
Are we free to do what we must want, or are we free to want what 
we must do? Which are free, our wants or our actions? 

Let us get nd of this awkward undefined word “free” m this con- 
nexion and dunk instead m terms of restramts When we do so we 
arc finally faced with two problems of a more specific nature that 
arise from our last query 

How do wants and actions condition each other? 

How far docs the world outside the mdividual setde or condition 
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both his wants and actions? If they are both “bound hand and foot” 
as It were, the matter is settled Thus the problem is clearly assoa- 
ated with the whole discussion of natural law, and, m particular, 
natural law for human bemgs We have, however, a certain small 
crop of sweepings for our bag. 

First, if there is a meaning to freedom m practice it is freedom 
only within limits We are defimtely restncted by matenal circum- 
stances But we seem also to be restncted by our feehngs There are 
some things we can’t do because we say we couldn’t bear to do 
them. Thus our feehngs are also suggested as controlhng influences 
on our actions 

Secondly one of the results of recognizing our limitations is a 
change in our feehngs, our desires He then feels free whose desues 
coinade with what he can do Desires m this way become the spur 
towards action, seekmg out the things that can be done. 

We are led, therefore, to distinguish between an unfounded sense 
of freedom and one well-founded in objective fact. 

Freedom, it has been asserted in this connexion, is the recogmtion 
of necessity. This compact statement requires amplification. A well- 
founded sense of freedom arises m a situation where, the limitations 
havmg been recognized, we are able to bnng the desues we have m 
that situation to final fiiution In exploring the avenues we search 
for freedom 

If we remind ourselves of what we have said of natiual law, how- 
ever, a great deal of this argument is seen to be boxmg with a 
shadow We warned ourselves exphady against thmlang of such 
matters m terms of some outer necessity, a set of eternal and external 
laws governing every element of the universe On the contrary we 
saw that law m nature imphes the classification of behaving matter 
and other natural processes The form m which it is stated is forced 
on us by the fact that only in that form can it be used without 
physical contradiction. We can now appreaate how this view 
removes a number of the obscunties m the prewous discussion We 
take a group of shoppers, for example. They arc out to exercise 
theu “frcewiU” m the choice of articles There are physical limita- 
tions to their choices, they are limited m theu finanaal resources, 
and this restricts them to a certam class of goods They cannot travel 
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more than a limited distance from their startmg-pomt m the time 
at their disposal This restnets them to a certam group of shops, and 
so on Let us suppose these have all been detailed We now have a 
selected group of people m specific arcumstances about to exercise 
their freewill 

We propose to be saentific m our study, so after elaborate 
exa mina tion of what they purchase and so on, we presendy formu- 
late a statistical law that tells us how people who exerase their free- 
will m these arcumstances behave We have begun the saentific 
study of freewiU behaviour As we have aheady seen, shopkeepers, 
railway statistiaans, and others of that type aheady know a great 
deal about just this sort of freewill, and have the laws that “govern” 
their actions very well established, so much so, that they are pre- 
pared to expend vast sums of money on the makmg of a profit 
from a knowledge of these laws In this way is it possible to predia 
how large numbers of people will art when exercismg their freewiU 

“This IS all very well,” it may be argued, “but all you have shown 
IS that the actions of large groups of people can be predicted. This 
does not affect the fact that as mdividuals they arc still free to choose 
and act diffcrcndy They don’t all do exaedy the same ” This cnQ- 
asm IS eqmvalcnt to the statement that when you test an ordinary 
physical law m a particular case it is, m fart, found that there are 
deviations from the law m that case There we called them “errors,” 
and as we saw they arose from the mterconnexions of the expen- 
ment with the rest of the environment. In the case of human bemgs 
we do not call them errors, although we do frequendy refer to them 
as aberrations from the normaL We may even call them personal 
idiosyncrasies, and these also may be exanuned m precisely the same 
way so that finally we say “When he exercises his freewill he does 
so and so ” It is just because we can get this consistency m his 
behaviour that we call him sane 

The position, then, to which we have apparendy amved is that, 
broadly speaking, the feeling of freewill m the mdividual is irrele- 
vant, if we arc concerned to predict behaviour This docs not mean, 
however, that we may not examme such laws m greater detail m 
order to discover exaedy what it is that shapes them When we 
accept Boyle’s Law, rclatmg pressure to volume of a gas, we may 
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also be interested to discover how it is that the vast multitude of 
molecules m the gas, flymg hither and thither, mvolve m the mass 
just this particular law. Now it happens that we know a great deal 
more about mdividual human bemgs than we know about mdi- 
vidual molecules, and therefore m a sense we are m a better position 
to examine the elements that make up the law than in the case of 
a gas 

' What are the characteristics of a human bemg that difierentiate 
him from a molecule of a gas or from a stone? 

First, he is a consaous bemg, a thinkmg, sentient thing 
Secondly, and here we are speakmg m terms of subjective reactions, 
he IS purposive He plans and follows an objective. It may not be 
desirable for certam saentific mvesdgations to mtroduce the concept 
of purpose when it can be dealt with m terms of objective behaviour, 
but to Ignore purpose for all studies would be faUaaous 
The third pomt is one that really touches the tender spot in the 
whole of this discussion — man has a sense of responsibdity It is 
because many who attach great value to this sense unagme it is bemg 
■undermined when the vahdity of the freewiU cntenon of action is 
attacked, that they fight this pomt of view 
The fourth pomt is that he has values, he sets greater store on 
certam t hin gs, or ideas, or feehngs, than on others 
All ^ese imply needs, some more urgent, some less, and it is his 
purpose to satisfy them To that end he plans, and acts, and dis- 
covers, and fashions the world about him, to meet his desires. In the 
pursuit of satisfaction he creates the laws of his behaviour, but he 
does so within restncdons imposed on him by his environment It 
IS that environment also that has, m its turn, fashioned the stuff of 
■which he is made mto a bemg with these needs — ^nceds that can be 
satisfied — into a bemg wnth these thoughts, with these aspirations, 
these sympathies, and this sense of rcsponsibihty 
We are now m a posidon to see where the ongmal confusions 
arise The purely mechanistic approach proposes the problem 
roughly in this form — 

The behaviour of an mdividual is determmed m toto by all the 
material factors m the umverse outside the mdividual, and the laws 
rcgulatmg the operadon of these factors can be discovered by 
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ordinary saentific methods m the laboratory ” 

The protagonists of freewill assert — 

“The individual’s actions are directed and controlled by mtemal 
factors only, m this he has a free moral choice ” 

The mechanistic approach does not recognize that the mdmdual, 
with his capaaty for thought and analysis, is himself also one, and 
a pecuhar one, of the causal factors m the situation He directs a 
flow of human energy While the mechanist is correct m assertmg 
that the umverse outside the mdividual restnets and conditions him, 
he does not admit that these restnctions are also canalizing m their 
effect They do mdeed place a situation before the individual, but 
he IS not an ordinary mert piece of matter but one endowed with 
special quahties, a bemg possessed of consaousness, capable ofrccog- 
nizmg the necessities of the situation, and stnvmg to act. In these 
circumstances this mdividual brings his specific quahties, his proper- 
ties, to bear, and it is the mteraction of these quahties with the 
matenal circumstances that determmes the final outcome The mdi- 
■pidual therefore has also to be seen as one of the forces m mture, 
and for their study the soaal laboratory besides the purely saentific 
laboratory is necessary Behevers m fireevall, on ^e other hand, 
under-estimatc the conditiomng effect of the matenal forces on the 
desires, valuations and moral judgment of the mdividual, and direct 
attention to a subsidiary element m the situation, viz., a subjective 
feehng of fi-eedom that accompames the operation of the human 
force Thus the sharp separation between the mdividual, and his 
matenal and soaal environment leads m both cases to a false 
antithesis 

There is mdeed a distmction which must not be lost sight of, it 
can best be seen when the relation of all this to the problem of 
prcdicuon is exammed If a saendst imderstands the nature of the 
matenal he has to deal with, ne , the necessities of the situation, he 
can venture on a prediction He can assert, for example, that an 
cchpsc of the moon will take place at such and such a time In the 
sense m which we have talked of matter makmg its own laws m 
Its behaviour, we can say that the moon will mie the prediction 
come true The moon nevertheless will not be consaous of its own 
necessities nor those of the other bodies among which it has to 
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move In precisely the same way a human bemg, conscious of the 
necessities of a situation m which he finds himself, may venture on 
a prediction concemmg his own behaviour, and wiU set about mak- 
ing It come true He wdl make it come true by planning purposively, 
and it wiU actually come true if he understands the necessities of 
himself and his environment as well as the scientist understands those 
of the moon Because he is matter at a higher level of development 
than the moon, he can be his own saentist and his own matenal for 
study. He is at once both saentist and moon. He can become a 
consaous maker of laws, both mdividual and social 

Nevertheless this is no easy task. We hghtly under-estunate the 
extent to which the external world moulds and restncts us on all 
sides. 

Man IS a creature of the world, a creature of society, a creature of 
his group, of his immediate environment and of his own make-up 
In so far as he becomes consaous of these necessities, understandmg 
then laws of change, acquiring a sense of responsibihty through 
himself to the group and to soaety, docs he become a relatively 
free man and a conscious force m nature^ He becomes firee m reahz- 
mg where and how he is bound andmdncctmg his purpose on that 
consaous basis To assert that man is firee m some absolute sense is 
to fly m the fece of Hct. To realize that he can become more free 
' and to take steps to that end is for man to become a causal agent m 
fashioning the way to freedom and to the removal of restnctions 
He thereby gives a mearung to “human fireedom ” 

To see the problem firom this angle is to break down an isolation 
between man and the matenal he studies that has traditionally 
influenced the outlook of the saentist. The cleavage between matter 
and mmd leads — unless we are careful — to the idea of a set of 
mechamcal laws, self-contamcd and self-subsistmg on the one hand 
and to a set of abstract ideas, logically mterconneaed on the other. 
To attempt an explanation of the two m terms of them separately 
IS to stnve to bndge an imbndgeablc gap Between the activity of 
the scientist and the energy movements of the matenal with which 
he IS concerned there is a quahtative relationship Each afiects the 
other. Each is a causal agent on the other Each shows effects, trace- 
able to the other. Between them they grow and develop as a umty. 
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Once we recognize this the old problem of mmd versus matter dis- 
appears and m its place emerges a new field of saentific study It is 
concerned with the multitude of problems assoaated with the query 
what is the nature of the changes through which this active relation- 
ship of mind and matter passes, and m that process through what 
transformations does the mind and the matter separately pass? 

Physical science, however, deals with those aspects of the umverse 
that can be approximately isolated fi-om interference by human 
beings or from the artifiaally excluded environment We have seen 
that for this reason there must always be present an element of 
“uncertamty” m saentific prediction. It is on that understandmg 
that we ralb of determinism withm the firamework of saence With- 
out this qualification the meanmg of saentific mvesUgation cannot 
be appraised Now this uncertainty must not simply be attnbuted 
to human ignorance It is inherent m the whole question of saentiEc 
law A law is a statement of an observed rCgulanty taken at a par- 
ticular level The regulanty may be a chapter of acadents hke the 
systematic arrangement that shows itself on the target The law of 
one target has to be compared with that of another It tells us next 
to nothmg about the nature of any individual mark In the hght of 
that law any attempt to speafy the latter mvolves an uncertamty 
This does not imply that there is some sense m which the law is not 
real nor does the law deny that the elements from which it has been 
drawn arc individually to be regarded as acadents What it docs say, 
however, is that any deduction drawn from the law will mvolve the 
concept of probability We may attempt to predict, for example, 
where the next mark on the target will appear We can only do so 
by spcofymg a probabihty to each pomt on that target. On the 
other hand, we may predict what the next target wiU look hke after 
It has been shot at a certam number of times This also we assoaate 
with probabihty We make the prediction tentatively and the answer 
IS denved from a study of past targets When we talk about deter- 
minism m saence we mean precisely this and those who would 
mterpret it m terms of a system of perfected laws, apphcable m a 
umquc form to all Icveb, to target and to mark-on-target alike, are 
guilty of a confusion in saentific method We have to keep clearly 
before us that every statement descnbmg a group regulanty 
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impliatly shows itself as implying an uncertamty in the elements 
that compose the group Order and disorder, accident and regu- 
lanty, these are the opposite characteristics that are present at every 
level of saenofic study 

Withm recent years a “pnnaple of imcertamty” has been pro- 
posed m saence, mvolving the assertion that there are certam ele- 
ments of the matenal umverse, of a sub-atomic character, that 
because of their fineness m size are beyond the limits of human 
measurement. We cannot know their movements m detail, nor can 
we lay down conditions imder which all such particles will behave 
m precisely the same fashion Their behawour has to be descnbed 
m average or statistical fashion and m any particular case can there- 
fore only be specified to a degree of probabdity 

All this may be true, but it is die conclusions drawn from it by 
some saentists that particularly interest us Smce no precise data 
exist on which exact predictions may be based m dus case, it is 
asserted that determinism m saence has broken down umvcrsaUy, 
once and for all, and this view is underhned by the assertion that if 
the basic elements of wluch matter is composed are themselves out- 
side the scope of determimstic study then the laws of large scale 
matter are not “m reahty” laws but appearances only, ansmg from 
the summation of an enormous number of mdeterrmnate elementary 
happemngs 

Now the first pomt to note is that the facts from which these 
conclusions are themselves deduced ongmate out of a deterministic 
saentific procedure Logically the position would thereby be 
reduced to an absurdity unless we recogmze that we are refiismg 
to mterpret determinism m the appropriate sense In the last resort 
the test of the vahdity of the saentific method is a practical and a 
rational one If it passes that test it reflects die processes in nature 
whatever be the theones of the constitution of matter. The fart that 
there does exist a linut of fineness beyond which it is not possible 
to obtam adequate data to apply the simple deterministic method 
must be taken as a sign that other aspects of determinism are here 
important. Far-reachmg positive assertions stnkmg at the established 
foundations of saentific method and reduong it to an irrational 
procedure must not be made on a false basis Actually the pnnaple of 
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uncertainty tells us the prease nature of the predictions that can be 
made by the deterministic process m circumstances m which the 
available data are of a more restneted nature than is normally the 
case Such predictions naturally become then statements of proba- 
bihty Curiously enough, while it is not asserted by those who 
clamour for the inapphcabihty of determinism to inanimate matter 
that the atom is m some sense “consaous” or “self-consaous,” they 
have not hesitated to suggest that something alon to freewill reigns 
•withm iL To assert this is to carry to absurd lengths the antithesis to 
which we have already referred — the antithesis between old- 
fashioned mechamcal determinism and freewill — as if where the 
former is inapphcable, the latter must hold sway 

The lesson we have to draw is that to each level of matter its 
specific system of laws, and therefore its specific land of determinism 
and the scope withm which that determinism can be apphed m 
practice is itself setded by die extent of the data from which infer- 
ences can be drawm Unless we wdl keep tbK clearly before us we 
are likely to shp into mysticism where none exists 



CHAPTER NINE 


THINKING ABOUT ART AND VALUES 

A FRIEND TELLS ME that Beethoven IS a mucli greater musiaan 
than Wagner; that Dostoevsky as a writer understood human 
nature in an mcomparably deeper sense than any previous or any 
later wnter, that politics is mosdy a nonsensical farrago of prejudice, 
that next to Shakespeare, Shaw is the world’s greatest dramatist, 
that no wme that has ever been made can compare with good old 
English ale; and that Bntam is the only country m the world where 
hberty exists 

Are these statements true? 

How many times have we not heard and taken part in discussions 
m which just this sort of talk arises? They may not deal with books, 
or music, or pictures Perhaps they may be more frequently con- 
cerned with jam or foodstufis or the quahty of cookmg generally, 
with hats, and Eocks, ties, smts, and clothmg, with the advantages 
of travelhng by road, tram, or by air, t\uth football, tennis or golf 
The disputants may become “hot and bothered” as the argument 
gets more and more mtense, and usually more and more confused 
What was at first a smgle pomt of disagreement gradually broadens 
out until an ocean of differences separates the partners to the argu- 
ment and a fnendship may become imperilled 
Let us examme some of these questions a httle more closely so 
that next time we are mvolved m such a dispute we may know 
exactly where and why the differences occur For contrast let us 
begm with a different case 

What is the distance round the earth at the equator^ I say it is 
25,000 rmles, who will dare dispute? If you care I can satisfy you 
m a vanety of ways We can look up a senes of books on geo- 
graphy, or on geolog)% or on astronomy. We can nng up the 
secretanes of the learned soaeties assoaated with each one of 
these subjects and check my statement. Wc can follow through m 
detail a desenpnon of the method that has been adopted on man y 
occasions by those who have made it then business to measure diis 
distance; and finally wc deade they have “no axe to gnnd” m pre- 
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fcmng 25,000 miles to any other figure All sorts of people vsath 
different temperaments, different upbnngings, at different penods in 
history have reached the same figure and have reached it either by 
repeatmg each other’s procedure more carefully or by devismg a 
new method of their own More than this By assuming that the 
circumference of the earth is just this distance, all sorts of other 
measurements fit m with this Here, then, is something about which 
there is no question of disagreement We say it is an mdisputable 
fact about the earth Someomes we say it is a scientifc fact Those of 
us who haven’t the means, the apparatus, the techmque or the mtel- 
lectual capaaty to carry through the measurement for ourselves can 
act on the assumption that it is a fact. It leads us mto no mcon- 
sistenaes, everything that foUoviis from it works out all nght 

Saentists are concerned with mdisputable facts Discussions at 
saentific gathenngs are either about facts, or methods of groupmg 
facts together, i e , theones Bemg human bemgs, however, they 
may get “hot and bothered’’ about the theones, but the facts are not 
usually m dispute 

It IS of no importance, you say, to know the distance aroimd the 
world Shaw is reputed to have gone even further than this When 
told It was mnety milhon miles firom the sun to the earth, he said 
he was astounded at the magmtude of the he' When you assert that 
It IS of no importance, what you are miplymg is that it is of no 
importance to you But let us remember that there are people who 
spend aU their hves engrossed m discovering just such facts Do we 
say that it is unimportant to them^ Surely not. We may be unable 
to appreaate how people can find such a dull subject so absorbmg 
that they will lose mghts of sleep or take infimte trouble with 
tedious and weansome calculations, but that is our difficulty, not 
theirs That they do find it mterestmg is as much a fact as that you 
may find it unmterestmg, or that the earth’s circumference is twenty- 
five thousand miles 

These are aU facts, but we have to be precise m statmg them, or 
we wdl rapidly confuse a fact with a valuation In usmg the expres- 
sions dull and tedious we are evaluatmg the process personally When 
we say “The film Cavalcade is a better production or is more worth 
seemg than, say, T7ie Gold Rush, by Chaphn,’’ we are making a 
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valuation of a similar nature, we are not stating an mdisputable fact 
We cannot expect umversal agreement on a valuation It is some- 
thing personal, although in a sense it is not merely personal Unless 
some other people agreed with us in our valuations, we would 
begm to lose a certam necessary sense of security; we would feel 
that our own particular sense of values was “wrong,” that we were 
becoming queer, pecuhar We might even feel we were losmg our 
samty I shall return to tins question of what I would call the neces- 
sary soaal anchor essential to us m our valuations, but for the 
moment I want simply to underhne this distinction between values 
and facts. 

A fact IS a truth about the world, a statement that m die sense m 
which we have explamed it, every one can check up for himself^ 
somethmg ■with a umversal quahty about it, somethmg we can all 
act upon m the same way as we act on a recogmtion of the fact diat 
the pavement we walk on is sohd Indmdually we are either correct 
or false, nght or wrong on a matter of ^ct A valuation is an estimate 
of a BlcL Looked at from the personal standpomt it is a crude 
measure of the degree of mterest the fact has for you, the order of 
importance m which you place it relative to yourself You are not 
nght or wrong about this as you must be about a fact A valuation 
is therefore to some extent a reflection of yourself When I go to a 
strange house, one of the first things I do is to move over to the 
bookcase to see the sort of books that mterest the residents The con- 
tents of the bookcase are a reflection to me of their owner’s values 
m that field at any rate. It enables me not only to perceive a fact 
about them, viz , the kmd of valuations they have, but also enables 
me to have a hne on evaluating them — the interest they may have 
for me. 

We can now return to my fiiend and his vanous assertions That 
Beethoven is a much greater musiaan than Wagner is certainly not 
a fret. It IS my fhend’s valuation of what he might call the quality 
of their music It happens that I also agree -with that estimate, but 
that does not constitute it a fret. If I act on the assumption that every 
one else holds the same "view I shall soon be disillusioned. I do not 
agree with his opmion of Dostoevsky, but there is no question about 
one of us bemg nght and the other -wrong We are each simply 
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Stating something about ourselves, viz , the nature of the appeal that 
Dostoevsky makes to each of us lam not particularly mterested m 
the personal soul-searchmgs m which that wnter mdulgei My ficiend 
IS They do not seem to me important compared with such other 
matters as might have been handled by a man of his undoubted 
talent. To my firiend they do In our respective lists of the important 
dungs that have to be dealt with, he and I place such items m 
different orders 

Is this, then, all there is to be said about it? Suppose I am pressed 
further, as is common m all such discussions "Why do you think 
that Beethoven is a much greater musiaan than Wagner’” I am 
asked. What am I to answer’ Shall I proceed to dig out “reasons” 
to convmce my questioner that I have made a “reasonable” estimate’ 
What kind of an answer is reasonable? What is a reasonable estimate? 
Let us see 

For our purpose let me contrast the question as it has been posed 
with the followmg — 

What IS it m Beethoven’s music that appeals so much to you’ 
What IS there m Wagner’s music that you dislike’ If we ponder 
over these two questions we begm to realize that the onginal ques- 
tion treated the problem as if a preference for Beethoven arose 
pnnapaUy out of an mtellectual analysis, the latter question as if it 
arose out of a direct emotional response An mdividual would be 
perfeedy entided to reply “I like Beethoven and I cannot give you 
reasons I just hke him.” The fact that he could give no reasons 
would not affect the fact that he liked the music 

We must not confuse an emotional response with an mtellectual analysis 
Once we realize, however, that we are dcahng here with a personal 
preference, we can accept the query m its ongmal form and proceed 
to answer it, if we can, by discovering what m our past history and 
environment moulded us m such a way that Beethoven’s music 
appeals particularly to us Such an answer would mdeed explam 
why we like Beethoven At this stage what might have been an 
argument about the relative ments of two musiaans becomes an 
examination of'lj low the respective disputants come histoncally to 
acquire the valuaTOns they have The parting shot becomes “I have 
not acquired the sa^e valuations as you have,” instead of “I do not 
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agree with the reasons you give ” 

Very much the same situation arises m connexion with humour. 
Even if I were to make an mtellectual analysis of jokes and deade 
that It IS the element of surprise, or of mcongrmty, of the ndiculous, 
of gross exaggeration, or any other characteristic that is responsible 
for movmg me to laughter, I do not move about hfe with these 
vanous categones m my pocket, usmg them on the appropnate 
occasions If I am faced with a remark I do not puU out these “tests” 
from my pocket, and if the statement passes one of them satis- 
factorily, deade that this is ajoke and dehberately proceed to burst 
out laughing My amusement is immediate When the laughter has 
subsided I may, if I am mterested m analysis, proceed to ask myself 
which characteristic ofjokes, as I have catalogued them, stimulated 
me on this occasion Laughter is an emotional not an mtellectual 
response, but the analysis after the response is mtellectual 

What I have said here about music and humour apphes with 
equal force to other artistic forms A picture is placed m front of us 
We either hke it or we don’t Whatever the result, no reasons need 
be given How often have we seen this process reversed m picture 
gallenes The cnucs have told us that this or that pamtmg is superb 
Streams of people move steadily past the pamtmgs, catalogues m 
hand, makmg up their tnmds that they ought to appreaate the proper 
pictures If preparation were mdeed needed it ought to be not mtel- 
lectual but emotional preparation, acquirmg the mood to respond to 
something that must appeal primarily to the senses, if we can 
respond at all 

Now let me say at once that I do not want to convey the impres- 
sion that the mteUect plays no part m these matters On the contrary 
the mmd and other human characteristics are very profoundly con- 
cerned. A smgle illustration wiU suffice I hand a sheet of paper to a 
colleague. 

“How do you hke thafr” I ask. 

He exammes it carefully and for a few mmutes his brows pucker 
in mtense thought 

“It’s beautiful,” he says, handmg it back. “The way the argument 
is developed is magnificent, and how surpnsmgly simple the result 
turns out to be ” 



THINKING 


538 

It IS a highly fechmcal piece of mathematical reasonmg I hand it 
now to a chemist, a biologist, a philosopher, a linguist, an engmeer, 
ajomer, a bncklayer, an artist or a pohtiaan. They gaze at the paper 
blankly There is no emotional appreaation of its beauty because it 
means nothing to them Its content is lost on them and its content 
was essentially intellectual It had no beauty for them because they 
lacked the particular expenence that would enable them to apprea- 
ate where the beauty lay They could not possibly react to the 
exquisite adaptation of mathematical form to logical conclusion that 
It exhibited It is precisely as if I had shown them a poem m a foreign 
language 

But mtellectual expenence is not the only source from which 
sesthetic pleasure may emerge Pay a visit to any well eqmpped 
museum and examine the exquisite ironwork m the form of gates 
and raihngs of the fifteenth, sixteenth and seventeenth centimes that 
were produced to adorn entrances, wmdows, and surrounds — mar- 
vels of craftsmanship How much of the aesthetic beauty do we mi.sc 
who are unpractised m the making of such things^ How much more 
IS patent to the eye of a master' 

A work of art, something that has value for one, must therefore 
be understood if it is to be appreaated, but it is understandmg in a 
wider sense than mere mental unders tandin g, merely knowing how 
or why it was constructed, but the kmd of understandmg that arises 
from the fact that it deals with one’s own experience 

An mdividual who has spent his hfe m the enjoyment of fox- 
huntmg, may prize very highly a picture that brings to him again 
the exhilaration of the chase, but such a picture would have little 
meaning and therefore be htde valued by a town dweller who had 
spent his hfe m a factory A worker expenenced m the joy of con- 
trolling and guiding a large machme might treasure a sketch that 
evoked m him anew that sense of power over matter To him it 
would be a work of art that would leave the fox-hunter completely 
unmoved In each case the picture makes contact with an aspect of 
human expenence, and without that expenence there would be 
nothmg from which to evoke the emotional response to which we 
have referred Any distmctivc expenence may therefore be the sub- 
ject matter, the content of a piece of creative work, a piece of 
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mathematics, hfe as a domestic servant, an unemployed man, a 
pohtical meetmg, a revivahst gathermg, a day at the races, manoeuvr- 
mg a yacht, clockmg-m, pay day, throwmg darts m an inn 

I have chosen these illustrations designedly. There is an impression 
abroad that to be cultured is to be able to appreaate “good” art and 
that the power to discern its goodness can be acquired, if at all, only 
after much leammg It is true that to appreaate art at aU one requires 
to be emotionally sensitive, a characteristic dependmg to a large 
extent, although not entirely, on one’s physiological make-up But 
the fact that large sections of the population, particularly the poorer 
sections, frequently show htde “taste” for art, must not be mis- 
understood If the content of art has to correspond to deep human 
expcnence, several questions arise that must first be answered Thus. 

1. Who have been the artists of the past who were capable of 
portraymg the experiences that would be wvid and real to these 
poorer people? 

2 How many have actually produced such work? 

3 If artists had produced such work would they have found it 
possible to survive^ Who would have purchased then work? 
When we come to exarmne such questions we begin to get a 

ghmmcnng of the extent to which pictonal and other forms of 
cultural expression of a population are assoaated with the class of 
purchasers of art products, and arc canalized by the class of art con- 
sumers who can pay for art Thus that section of the population that 
cannot afford to remunerate such artists as might express their experi- 
ence m art form, are compelled to satisfy their aesthetic senses at 
second-hand and by second-rate means The result is somethmg 
tawdry and sentimental, a cheap imitation of the art of another class 
To say this, is not to assert that all artistic expression appeals truly 
only to a class Whatever the reason for its production, whatever 
the class that has m the past found it advantageous or pleasurable to 
stimulate artistic production, the fact remains that much of it appeals 
to experiences and to emotions that are more or less common to 
wide sections of humamty. Musiaans like Beethoven, Bach, Mozart, 

‘ Chopm, Brahms, and many others are appreciated and have been 
enjoyed by practically all classes, nations and races, m Western 
Europe at least. The same is true of architectural modes, common 
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It IS a highly tfechnical piece of mathematical reasonmg I hand it 
now to a chemist, a biologist, a philosopher, a hnguist, an engineer, 
ajomer, a bricklayer, an artist or a pohtiaan. They gaze at the paper 
blankly There is no emotional appreaation of its beauty because it 
means nothmg to them Its content is lost on them and its content 
was essentially mteUectual It had no beauty for them because they 
lacked the particular expenence that would enable them to apprea- 
ate where the beauty lay They could not possibly react to the 
exquisite adaptation of mathematical form to logical conclusion that 
It exhibited It is precisely as if I had shown them a poem m a foreign 
language 

But intellectual expenence is not the only source from which 
aesthetic pleasure may emerge Pay a visit to any well eqmpped 
museum and exarmne the exquisite ironwork m the form of gates 
and raihngs of the fifteenth, sixteenth and seventeenth centimes that 
were produced to adorn entrance, wmdows, and surrounds — mar- 
vels of craftsmanship How much of the aestheUc beauty do we miss 
who are unpractised in the makmg of such things? How much more 
IS patent to the eye of a master' 

A work of art, somethmg that has value for one, must therefore 
be understood if it is to be appreaated, but it is understanding m a 
wider sense than mere mental understandmg, merely knowmg how 
or why it was constructed, but the land of understanding that arises 
from the fact that it deals with one’s own expenence 

An mdividual who has spent his life m the enjoyment of fox- 
huntmg, may prize very highly a picture that brmgs to him agam 
the exhilaration of the chase, but such a picture would have htde 
mearung and therefore be htde valued by a town dweller who had 
spent his life m a fretory A worker expenenced m the joy of con- 
trolling and gmding a large machine might treasure a sketch that 
evoked m him anew that sense of power over matter To him it 
would be a work of art that would leave the fox-hunter completely 
unmoved In each case the picture makes contact with an aspect of 
human expenence, and without that expenence there would be 
nothmg from which to evoke the emotional response to which we 
have referred Any distmctive expenence may therefore be the sub- 
ject matter, the content of a piece of creative work, a piece of 
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mathematics, life as a domestic servant, an unemployed man, a 
political meeting, a revivalist gathermg, a day at the races, manoeuvr- 
mg a yacht, doclang-in, pay day, throvrmg darts m an mn. 

I have chosen these illustrations designedly There is an impression 
abroad that to be cultured is to be able to appreaate “good” art and 
that the power to discern its goodness can be acquired, if at all, only 
after much learning It is true that to appreaate art at all one requires 
to be emotionally sensitive, a characteristic dependmg to a large 
extent, although not entirely, on one’s physiological make-up But 
the fact that large sections of the population, particularly the poorer 
sections, frequently show httle “taste” for art, must not be mis- 
understood If the content of art has to correspond to deep human 
expenence, several questions arise that^must first be answered Thus; 

1 Who have been the artists of ^e past who were capable of 
portraymg the expenences that would be vivid and real to these 
poorer people^ 

2 How many have actually proceed such work^ ' 

3 If artists had produced such wirk would they have found it 
possible to survive’ Who would hate purchased their work’ 
When we come to examine such questions we begm to get a 

gh^enng of the extent to which hctonal and other forms of 
cultmal expression of a population ail assoaated with the class of 
purchasers of art products, and are caijahzed by the class of art con- 
sumers steo can pay for art Thus that'section of the population that 
cannot afford to remunerate such artists as might express their expen- 

““ then Kthcoa-Sensts^at 

second-hand and by second-rate means The result is lomethmg 
tawdry and sentimental, a cheap imionon of the art of ai£ther^ 
To say tlm, is Mt to assert that all(artisnc expression appeals truly 
otJy to a das -Whatever the reasm for its produco^Vatever 

soLtkL Mst" “ d ' ‘Tc ” or/Lurable to 

ptoducuon, the fac remains that miS of it appeals 

wideTrf^rofb “ oc £ “mm™ to 

Otonni Beethoveri, Bach, Moaart. 

“joyed by ptammUy'^ d°aJ'“ 

Borope at least The same ts ttue 



THINKING 


540 

as they are to all European aties We note in passing that Asia and 
Afiica are different, they have produced their own charactemoc 
forms It IS rare to find a European who can denve pleasure fi:om 
Persian music or enter into the spint of Chmesc drawings 

Ths history of c han ging architecture m Europe can be seen to 
proceed step by step with the soaal development of that contment, 
the early feudal days of the barons and their casdes, the central 
bulwark for the social umt, then later the manor house with its 
feudal lord, the ecclesiastical buildmgs of the medieval period, the 
monasteries and cathedrals at the time when the Church was the 
central power over life and death, stronger than kings m the com- 
munity, the mercantile period towards the end of the Middle Ages, 
with Its merc han t pimces and its magnificent palaces such as those 
linin g the canals of Venice, ithe development of cities towards the 
begmmng of the mdustnal tka leadmg to the typical street architec- 
ture, and later the mdustnal towns, roads to meet the growing 
transport, factones, and large shoppmg centres Thus step by st^ 
architectural development lias adjusted itself to and found the 
distmctive form for each soi aal era 
We can see m this way thdt at each histoncal epoch a typical form 
of architecture has been evolved, whose purpose it has been to 
embody the spint and to stanm as a sign of the power of the do minan t 
section m the community at jthat penod, and the great mass of the 
population hvmg and developing m that soaety have unconsaously 
acquired its atmosphere, and W a certain sense also its valuations 
They have watched and taVeri part m ceremomal m its cathedrals, 
and, bred and attuned to its atnJosphere, have performed their pubhc 
devotions ds a soaal custom and a pubhc duty The towenng pillars, 
the arch, and the rising vault have symbolized a power greater than 
they themsdyes could mdividlually achieve, a soaal force, some- 
thin g to worship and revere, spmethmg before which their spint 
must prostratAitself So also the towermg ramparts of the baromal 
castle was to dw serf m one wa y the symbol of secunty, the soaal 
focus, whateverVlse it may hav e meant for him m dues and feudal 
service And m me sense that i^t did m fact correspond to a need, 
and seem to him no satisfy that need, and m the sense that the very 
structure of the bubldme breathted that secunty, to him it must be 
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regarded as an object of art, an aesthetic stimulus 

Let us not, however, confuse the aesthetic reactions of the dormn- 
ated class, the medieval worshippers m the cathedral, or the feudal 
serf wandenng under the protective walls of the castle with the 
aesthetic feehng of the dommant class itself on whose power these 
bmldmgs set the seal If the castle meant security for the serf it also 
meant thraldom and infenonty to him. To the baron on the other 
hand it was the matenal embodiment of his personal supenority and 
the power of his class, his peers, and equals To baron and serf the 
turrets of the castle must have been a source of aesthetic emotion, 
but each m his turn must needs mterpret it m terms of their real 
expenences of life, and the valuations of their class In this sense 
therefore is art social, an outward form to represent or embody a 
powerful feature, a symbol to arouse an aesthetic feehng that wells 
up m the onlooker from a soaal source. 

So when I say that many artistic forms must be seen as emanating 
from a soaal class, I am not suggesting that these forms appeal only 
to the class from which they have emerged- What I am trymg to 
show IS that by the same form, by the same artistic expression, by 
the same work of art, two different aesthetic reactions may be stimu- 
lated A class that histoncally has never found the opportumty of 
expressmg its expenences and its interpretation of life m artistic 
form, will mterpret the artistic forms of another class m its own way. 

We appear to have travelled a long way from our startmg-pomt, 
the distinction between a fact and a valuation, but m domg so we 
have seen also how the pathway has forked just at a cruaal pomt. 
The pursmt of fret would lead us to the world of science, the study 
of values to the world of art Art m this way showed itself as the 
concrete form m which the values man places on facts are repre- 
sented, and if we are to judge from the illustrations cited, the facts 
that seem to demand mterpretation m this way appear to be facts 
that have meanmg for a group, they are m fret, soaal facts Even 
when the subject matter is a piece of mathematical reasoning, as 
we have seen, it needs must mean some thin g to a selected group 
that share a common expenence 

Is there then nothmg m art that is mdividual^ Surely. For just as 
a person is both a member of a commumty with the habits, the 
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dress, and customs, the interests and amusements of his penod, so 
also IS he an mdividual with his own pnvate thoughts, his personal 
expenence that differentiates him from every one else, his speaal 
set of likes and dislikes, his mdmdual group of mterests and enthusi- 
asms, and mdeed his own particular physical as well as psychological 
make-up For although we all have much m common, we are no 
two of us alike We are the same and yet we are different. We 
appear to do the same things and we do them m different ways 
Take writers for example Each has his mdividual style, his own 
characteristic mode of expressmg himself, his own method of 
analysing a situation, his personal flow of feeling and his own 
peculiarities m commumcatmg it to others, or hidmg it from others 
Watch your friends, and their capaaty for descnbing an madent 
with colour and vivaaty, the extent to which they make it real or 
vivid Each m his own way is an artist He may he a good or a bad 
artist, he may be master of a te chni que It may he effective or 
meffective, or he may not even be consaous of the te chni que Watch 
which pomts he stresses, and which he dismisses m a word, those he 
places m the high hghts and those m the shadows Above all, note 
how his mode of descnpdon alters as the subject matter alters, how 
the form of presentation is adjusted to what is contamed m it 
He IS an artist who succeeds m arousmg m you the thoughts, 
feehngs, and actions appropnate to the contents of his story He 
calls up mental images, he creates the atmosphere of fcchng with 
which these images have to be associated, and he arouses m you the 
desire and the energy to do what he considers is the appropnate 
action He is a consaous artist who is aware of his own purpose and 
dehberately devises the techmque of expression, of hght and shade, 
of sequence of ideas, to acate this effect 
In short an artist is one who can successfully adapt form to content 
Read for example how the writer m the Old Testament aeates 
the appropnate atmosphere m the story of Ruth and Naomi — 
“And Ruth said 

Entreat me not to leave thee, | or to return from foUowmg after 
thee I for whither thou goest I will go, | and where thou lodgest, 
I wiU lodge j thy people shafl be my people, | and thy God my 
God 
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Where thou chest, will I die, | and there will I be buned . [ the 
Lord do so to me, and more also, I if aught but death part thee and 
me 

The words are simple and homely The flow is even and melodious 
as becomes the subject-matter, and yet the very evenness of the flow 
and the restramt of the language suggests the depth of the feehng it 
IS mtended to express There is not a superfluous word nor ajamng 
note, the mood of the story breathes through die language 
What we have suggested about the spoken word regardmg the 
mterplay between form and content, and the struggle we con- 
tmually wage to adapt the one to the other, to put our thoughts 
into words, and to dothe our words with meaning apphes with 
equal force to all other forms of art, to poetry, to the novel, and to 
prose generally, to pamtmg m oils and m water colour, to sculpture, 
and as we have seen, to architecture 
A creative artist is an experimenter He is contmually scekmg new 
combinations of colours, new modes of expression, new combma- 
tions of harmomes, new forms of hght and shade, new methods of 
mtroducmg discords to emphasize more dearly the harmomes that 
he there He does not, as a saentist might, squeeze himself out of 
' the picture and merdy work out all the possible combinations He 
identifies himself with it, sensmg, feehng, and testmg the new 
varieties to ascertam if they express what he feels is pent up withm 
lum, what he feels he contains He spends himself The content is 
given, It IS contamed m the soaal life of the people among whom he 
hves and m the world about him, and it seeks expression through 
him As an artist he does not directly experiment with that If that 
content is not given to him, if he cannot expenence it, he cannot 
be an artist His first duty is to mterpret life as it is 

But It would not be true to say that the artist need only be an 
mterpreter That would mdeed put him on a level with the tradi- 
tional philosopher who conceives it his busmess to tell us simply 
what file world means, and not to show us what might be done 
with iL If the artist is to mterpret the world m fins other sense, m 
the sense m which it is real to the members of the community who 
liave to make his art their o^vn, he has to mterpret hopes, desires, 
and ideals, for these are real human characteristics He has to under- 
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Stand suffiaent about the world to be a prophet, a true prophet, ui 
that he has to interpret what such people can do with the world to 
create the hfe to which they aspire He has in fact to be an artistic 
saentist He has to be capable of analysing both individuals and 
soaety that he may picture a possible and an attainable world His 
IS no easy task, for this touches only the possible content of his work 
His next stage is to discover the form, the medium m which to 
express thfe, not simply to dehneate it statically, but to express it m 
the active sense that is desired by those who may feel urged to 
create the new world This is the modem mood m art as it is m 
saence and mdced m almost every other form of human activity 
Are we not all askmg the same question — 

“What can we do m our particular field to help rescue mankmd 
fiom the dangers that beset it? For what must we strive and how 
must we do so?” 

These mdeed are questions, if not already on the threshold of our 
hps, ever lymg at least m the background of our thoughts The 
artist if he IS to mterprct life as it is, if he is to be consaous of the 
soaal background from which he has emerged, if he is to be con- 
saous of the part that art has always played m soaal hfe, must assist 
m rcsolvmg this great problem To be unconsaous of this, is to be 
Ignorant of the great task of the creative artist at this epoch m his- 
tory In this sense his situation is similar to that of the saentist, the 
pohtiaan, and the teacher 

It IS m the effort to discover the appropnate form for this task 
that the creative artist becomes the expenmenter, but to experiment 
without the analysis, before a full realization has been acquired of the 
content of what he has to express, before the artist is himself sufiused 
with the feehng and soaked m the emotion of the problem, is to 
seek a form without content Such art can only be devoid of mcanmg 

Once we appreciate this aspect of the question a new hght begins 
to be shed on some of our modems Aldous Huxley, aware of the 
decadence of the present but with no hope for the future of man- 
kmd, concentrates his wntmgs on the futdines about him Brave 
New World, a fantastic novel depictmg an unsoaological state of 
affairs mto which mankmd could not shde, where saenosts have 
achieved a biological control over humamty, and converted the 
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world into a mechanized state of men and machmes, can be taken 
only as an mdication that saence is an ever-present danger. Had he 
been consaous that, as the instrument of art, saence might assist 
him to predict the nature of the changes m the soaal order which 
man can achieve, he would not have erected this fantastic warmng 
out of his imagmative brain. It is not that we are m danger of suffer- 
ing from too much science, but from too htde Thus what is used 
is largely apphed to anti-soaal ends 

D H Lawrence, imbued by an mtense dishke of a system that 
destroys men, mcapable of analysmg the soaology of the problem 
that arouses his ue, and yet a master aaftsman m the handhng of 
form, seeks to escape from tlie confusion by longmg for a new 
beginning with mankmd m some remote comer of the earth, or 
discovers that the dnving power hes not outside among men and 
women but withm men and women themselves, the urge to sex 
expression 

Modem artists experimentuig with form unrelated to anything 
but the most abstract and therefore attenuated and unconvmcmg 
feelmgs, produce pictures of hues and tnangles hkejig-saw puzzles, 
dehberately pursuing form without content, emptymg the baby out 
with the bath And so we have our cubism and vortiasm and a 
multitude of “isms ” That simphaty can be much more powerfulm 
expression than complexity is certainly tme, wimess the quotation 
given above from Ruth and Naonu, but simphaty at the expense 
of content is the demal of art And all this may be seen as part of the 
great flight from reahty that this last twenty years has witnessed. To 
be understood it has to be set side by side with the pronouncements 
of those saentific men who assure us that the colourful world of 
mankind is m reahty but a vast geometacal proposition, devoid of 
all but mathematical meaning 

There are artists who claim that m the pursuit of abstract art they 
are stopping it of the undesuable elements in modem decadent 
soaety that have degraded it to the “photographic” level, and replac- 
mg It by somethmg more permanent and durable History alone can 
dcade finally the toith m this contention. What cannot be gain- 
said IS that m so far as highly abstract art appeals only to a very 
select class of testhetes, excessively small m number, and does not 
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fit Its amsuc forms to express, strengthen and pirnfy, here and now, 
the creative desires and aspirations of submerged and therefore 
artistically mute humamty, it divorces itself significantly firom the 
present phase of man’s struggle for physical, intellectual and aesthetic 
emanapation. 

But surely, we are entitled to argue, there are many works of art 
of high ment, and recognized as such by all of us, that cannot be 
dismissed on such a basis What of the landscapes of Turner, the 
paintings of Rembrandt, or of Van Gogh? By what stretch of 
imagination can these be justly seen as emergmg firom a soaai back- 
ground? What of Beethoven, Bach and Mozart? In what sense is 
their work related to the social structure, and if they are not, are 
their mdividual creations therefore to be condemned? Is there no 
art that rises above such considerations, elements that have somethmg 
approaebrng a umversal vahdity? Are we to say that five hundred 
years hence these great masters of music -will have been forgotten? 
To refuse to answer such questions would be to flee firom the 
problem we have set ourselves More than this To deny that there 
are works of art of this nature that are likely to hve as long as men 
breathe and sense and enjoy would be to deny what seems almost 
self-evident 

Mankmd has been cradled m an environment we call the physical 
world, tummg himself to the task of mastering that environment 
for his advantage In such a situation there are at least three elements 
{a) The material and physical world the extra-human 
environment. 

(b) The society, the human environment that m ankin d creates 
m his effort to erect a satisfactory home for himself m the physical 
world, mcludmg its institutions, its philosophies, arts and saences 

(c) Man, the human being, the biological entity that occupies 
a place among the animals 

There we have the three primary factors m the human problem 
Material from any one of these three may be the subject-matter of 
the artist, that is to say, it may be the topic whose significance he 
proposes to commumcatc to us His treatment as we have seen will 
depend on himself, the environment from which he has sprung, and 
the field firom which his topic is selected There is yet another pomt 
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however. The artist may propose to communicate a meanmg to us 
but whether his subject does in fact have for us the meanmg he 
intended is another matter, for all men and women are not ahke m 
make-up or m their expenence The Baromal Castle as a work of 
art signified to the serf somethmg utterly different firom that for the 
baron himself 

An artist like Turner chooses a landscape, a part of the world not 
yet appreciably affected by the mroads man makes on nature His 
subject matter lasts It is m an approximate sense, universal In var}"- 
mg degrees to all human bemgs nature has a direct aesthetic appeal, 
and the artist has put his finger on a sensitive spot m the relationship 
between man and nature As long as that relationship persists as an 
emotional reahty it will be possible for an artist to succeed with such 
a topic On the walls of his cave, primitive man pamted pictures of 
wdd animals breathing vigour and action They were a part of 
nature to which we are stiU sensitive, they are works of art, but 
they are also soaological studies, m that they cast some hght on the 
immediate forces vnth which he had to contend m these early days 
of struggle 

Novelists and poets have turned to the mterplay of human emo- 
tion and feehng, love and hate, sex and mamage, ambition, joy and 
exaltation, hberty and slavery, peace and strife In a sense agam these 
are permanent features of the human speaes, but then import vanes 
firom one soaal epoch to another. They are transient The love 
soimets of one penod, sweet as is their musical form, m content lose 
then cogency m a more sophisticated age. Romantic courtship fades 
from the soaal screen to be replaced by the newer reahties The class 
that found expression m love sonnets passes away, and the central 
theme changes 

A modem artist chooses as his topic an industrial town at dusk; 
black factones, gaunt cranes and elongated chimneys piercing the 
clouds and streaking the heavens in belching columns of smoke, a 
dull, drab picture m black and white outhned against a darkening 
sky We who know it find m it an aesthetic appeal It is a soaological 
study, the new struggle of man with man-made mdustnahsm, and 
man with nature To the peasant it also means somethmg, somethmg 
ugly, a demon that may destroy the countryside, an insidious, all- 
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powerful devil To the factory worker it is his life, his home, his 
world He hates it and he loves it He has seen it just like that, from 
the streets and from the outskirts of the town It broods over him 
and he over it Can he master it or wiU it master him? 

Such a topic deals, after all, with an experiment on mankmd, and 
the problems it arouses are of umversal significance The settmg is 
transient, a thousand years hence it may be a record of anaent 
instead of contemporary history, but the picture ■wiU stiU signify 
the perpetual struggle of mankind with nature Only those who 
have partaken m that modem struggle will be able, however, to 
sense it m the way a worker now does 

Form m art IS deeper than mere outward shape A landscape, a 
factory, require to be recognized as such, at least, m order to achieve 
their artistic purpose The form is mevitably assoaated vnth some- 
thing matenal, somethmg perceived by the eye Can there be a 
form of art m which this mtcUectual and visual element is reduced 
to vanishmg point? Can the sense be directly appealed to by a form 
that IS neither visual nor mtellectual? 

Music appeals to the emotions directly It has no physical shape 
in the accepted sense, and its mtcUectual appeal is not irect Human 
bemgs are biologicaUy entities They are similar as regards the 
stunuh that sar them although they difier enormously m their 
capaaty for response, that is, some are more sensitive than others 
Music IS a pattern of sounds that, entermg through the ear hke 
speech, docs not focus the rrund to objects or ideas but proceeds 
direct to the emotions It is to the pattern that the human bemg 
responds It may throw the rmnd and the feehngs back to past ex- 
penences, perhaps not consaously Emergmg from it he may fin d 
he has re-hved, re-enjoyed and re-suffered the memories of himself 
his family, his class, and his race, m that sense it is a new expenence 
to be Itself re-hved on some future occasion Now the significant 
thmg about music is that it may be enjoyed by human bemgs en 
masse or by an mdividual alone, but fre response to the same 
musical work vanes enormously from person to person One of the 
joys of the aftermath of a concert is to rcahze that one has captured 
a theme or a portion of the music, and that henceforth it is one’s 
own In this sense successful music appeals to an aspect of mankmd 
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that is common to humamty, something as it were biological, and 
therefore also mdividual, something approximately permanent in 
man. It is in this sense also that a Bach, a Beethoven or a Mozart 
appear to stand outside time and space. 

To say this is not to assert that there cannot be music of value 
that emerges particularly from a temporal soaal context. This as 
we have seen is true of art m general, but we have to distinguish 
betv^een art that is well-grounded m the social and biological make- 
up of man, and so-called art that is a passing fashion, a temporary 
stimulus to jaded workers, or to a leisured class sufienng from bore- 
dom. Like popular songs, such art is to be seen mainly as mere 
muscular exercise. 

Form m art IS somethmg deeper than mere outward shape. When 
the artist deals -with matenal things, must shape then not be pre- 
served? 

If a cancature be defined as a picture or descnption of a situation 
in which some characteristic is espeaally exaggerated, then all 
descnption and all pictures are cancatures Even a photograph can 
concentrate only on the outward form and a particular expression. 
Every wnter and every artist in the actual process of creating his 
work IS absorbed in the need to brmg out (and therefore to exag- 
gerate at the expense of the others) certam characteristics that seem 
to him important. That artist is successful who dehberately con- 
nives to make patent what we suspected lurked in the background, 
to drag to the stream of feeling and the hght of mind an aspect that 
IS deemed important to him, and becomes thereby important to us 
Thus the purpose of the artist is to make his matenal as hfehke as 
possible, but it is “lifelike” m no geometncal sense. A cancature of 
a Icadmg pohtiaan may be more cogent, more emotionally apt and 
satisfymg than any portrait by the foremost painter of the day For 
many purposes the electorate on polling day may be more ade- 
quately depicted as a flock of sheep than as a set of mtelhgent men 
and women True outward form, meamng thereby true geometncal 
form, may mdeed be useless and nusleadmg. 

Saence m one sense is concerned with a “copy” of nature, art 
with the meaning nature has for man Thus as saentist, man uses 
his senses for the purpose of noting facts and collecting them together 
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into a logical system that we may be the better eqmpped to face the 
matenal world and control it The artist begins where the saentist 
leaves off What is my purpose, he asks^ Which facts are important 
for that end? — and importance to him is primarily emotional appeah 
He discnminates by feehng, by sensing, and not alone by thought 
Thus to the saenOst, the artist is a cancatunst of nature, he distorts 
the form of dungs m order to arouse m the onlooker his sense of 
significance To the artist, on the other hand, the saentist is a canca- 
tunst, he maintains the form of dungs, he fits aU detail mechamcally 
mto Its allotted place irrespective of their value The purposes of the 
two are different Each uses the world about him to achieve his 
end, the one to understand mteUectually, the other emotionally All 
dungs are parts of the world All dungs have significance for us 
We need both 

We of this epoch have grown up dunng the dymg phase of a 
penod of mtense mdividuahsm As we can see m other sections of 
this book, we find ourselves naturally approachmg every issue with 
the query on our bps “How does it affect me^’’ I am not trymg to 
suggest that there is anydung objectionable, or nasty, or mo^y 
depraved, about this, for what I have said apphes with equal force 
to those unselfish members of the commumty who say “I cannot 
bear to see such suffermg ” I am not trymg to draw a moral distmc- 
Oon between these two approaches, but rather to underhne the 
sense m which they are the same standpomt Both begm with the 
assumption that the world revolves around “me,” that it is “I” who 
occupy the centre of the stage, and that “I” have to deade what “I” 
should or should not do “I” am an mdividual, and it is “my” con- 
sacnce that tells me whether this is nght or wrong Other people 
are like “me,” and all the other “I’s” combme with “me” to form 
the commumty “My” view of the world is such and such, and “I” 
propose to do this or that with “my” hfe 

Regarded from this standpomt, “I” look at the world out there 
and I mterpret it to my” satisfaction If you do not agree with 
“me” you are wrong 

Now a large part of the carher section of this chapter was devoted 
to showmg precisely how mdividual were the valuations we placed 
on the world We have been busy bustlmg ourselves off the centre 
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of the Stage, just as Copernicus unseated the earth from the centre of 
the universe where early man had placed it, and just as Darwm 
tlirew man hack among the audience of animals from his self- 
appomted perch before the foothghts Where saencc has been able 
to offer precise knowledge on such matters, the inflated bubble of 
our self-conceit has mvanably been packed, and our mdmduahstic 
outlook undermmed We project our feehngs that we are umque 
and distmctive with all their subjective strength mto the world about 
us, forgettmg that human bemgs are all nmety-nme per cent ahke 
We fail to r^hze thatjust as we are frequendy unable to distinguish 
one Chmese from another, so he cannot tell which of us are even 
Englishmen, German or Amencan We exaggerate our differences, 
play out our umque role, sublimely unconscious of the fact that 
others are playmg practically identical parts 
Now all this has been gready mtensified m comparatively recent 
times, particularly since the dawn of the mneteenth century and the 
nse of mdividuahsm That penod produced its own speaal brand of 
philosophy m the attempt to justify the features of the economic 
period Members of the commumty vied m competition with each 
other for economic supremacy, “Nature red m tooth and claw” 
became elevated to a prmaple of action for human bemgs, and he 
waxed frt who possessed the characteristics of greatest advantage m 
the struggle for success The common humamty of man sank low 
mto the background, and the differences showed up as of pnme 
significance Freedom, yes, freedom as an abstraction was worth 
stnvmg for, but freedom for the mdmdual it must be in practice, 
freedom to pit advantage agamst disadvantage, force agamst weak- 
ness Anythmg else was “unnatural ” Salvation became mdmdual 
salvation and moral precepts demanding the development of mdi- 
vidual character penetrated mto educational practice He was valued, 
he was extolled who was possessed of outstandmg characteristics 
And so art acquired the same complexion, the novel with its 
hero, the theatre with its star, the pamtmgs of fat aldermen and 
grubby men of money Individualism had penetrated deep mto the 
thoughts and values of men when its very art served to express this 
prmaple Historj’-, too, reflected this mood It became the story of 
kmgs and queens and wise counsellors agamst whose great deeds and 
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outstanding virtues the soaal life of the people was of httlc con- 
sequence Now while the economic structure of the mdividuahstic 
stage is at last crumbling before our eyes, the values we have uncon- 
saously acquired and mcorporated mto our institutions of learning 
and of art stdl re main with us They are reflected m our whole out- 
look and m our standards of cntiosm A film depicting a great 
engmeenng feat such as the laying of a railway from Turkestan to 
Siberia, that might completely transform the culture and the popu- 
lations of a vast area of the globe, is “dull” m contrast vyuth a film 
featunng one of our latest stars That there must be a focus of 
mterest is admitted, but m demandmg that the centre be held by 
an individual with whose domgs we also as mdividuals can identify 
ourselves as we sit tamely by, we are applying an artistic cntenon 
that has its ongin m an already dying epoch of soaety 
But change is upon us An eye cast over the agonized face of the 
West easily sees that within a short histoncal penod man will have 
fought his way to a new soaal level, m which the common ele- 
ments m mankmd, the endurmg elements m us, will be the bmding 
factors, and mdividuals will find their place not as disruptive umts 
each fightmg for the centre of the stage, but as natural elements m 
a common enterprise If this is mdecd so then new values will be 
bom, catena of good and of bad art will swmg from thar present 
mdividuahsac trend to others more securely founded m soaal 
order and consaous soaal activity, pnzmg action m common 
above the erode exploits of a modem Apollo or the love play of a 
Hollywood dolL 



CHAPTER TEN 


THINKING ABOUT POLITICAL ^ 
PRINCIPLES 

P OLITICS ARE concerned With problems of government Their 
importance rests on the fact that if the deasions arnved at are 
mcorporated mto law, they affect the hves of us all For not only 
do they regulate and circumscribe our conduct m innumerable 
small ways, but large masses of the population may have their 
station m hfe and the future bodily and mental health of their 
children deterrmned for them by the legislation that is passed, and 
enforced m the last resort by the pohce, the army, tlie navy, and 
the air force, the so-called forces of law and order During a national ' 
crisis, a war for example, our very hves rest m the hands of the 
government m power Moreover if a moment amves when pohtical 
action IS called for, and there is no true understandmg of the real 
meanmg of the situation, the consequences that ensue to us all may 
take generations to overcome 

Those who would argue, therefore, that pohtics is a futile game 
for over-enthusiastic youth, dishonest place-hunters, a cesspool of 
prejudice, and a source of mtngue, outside the realm of mteUigence 
or honesty, can be counted out as havmg lost mterest m what may 
most vitally affect them Alternatively, of course, they may have 
deaded after elaborate study that history pursues its course unde- 
flected by the pohtical contortions either of the electorate or of 
party leaders, that governments come and go, each performing auto- 
matically the task its nval would have performed had it been m its 
place, mechanically dehvermg the speeches and gomg through the 
gestures of arnvmg at deasions already setded for it, that when a 
government of one complexion ventures on legislation of its own, 
at the first opportumty its nval hastens to repeal its la-ws, and so sets 
history back on its predestmed course 

Such a ihew, attractive as it might appear to those aheady well 
matured in pohtical cymcism, is not easy to mamtam m toto by any 
one who has had his desires fiustrated and his activities curtailed by 
the relendess demands of the tax collector It might nevertheless be 
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argued with some show of reason that the political views of the 
electorate are themselves of httle consequence m deadmg these 
matters, that not only are people not equipped mtellectually to 
amve at decisions on matters of State pohey, but that they cannot 
have the requisite information at their disposal to enable them to 
exerase their judgment even if they were possessed of that quahty, 
and that m any case their rmnds, theur views, their emotions, their 
desires, and their actions are settled for them by pohtiaan, pulpit 
and Press 

On this view the pohtical outlook of the electorate is not a prime 
cause of change, but is itself mainly settled by factors of a much 
deeper character In evaluatmg this thesis, therefore, we are bemg 
thrown back on a problem of a much wider scope, and legitimately 
so For if our soaal, industnal and pohtical history ought to be 
directed by the desires of the peoples affected, is it not vital to under- 
stand what It IS that determmes these desires? Unless we can become 
aware of these forces, and m so domg if possible rise above them to 
a new level of understanding of ourselves and our environment, 
how can we be anything but the unconsaous manonettes that 
answer to every puU of the stnng, behevmg m the free exercise of 
our judgment at the ballot box as an automatic machme might 
beheve, if it could think, that it chose of its own freewill to render 
up Its quota of chocolate m return for the proffered com? 

It appears, therefore, that we shall have to discuss with some care 
this whole question of how our judgment is unwittmgly affected by 
matters outside our immediate consaousness, but that is not all Yet 
another problem that mterlocks mtimately with this has aheady 
been touched on Is it possible to analyse the prmapal factors that ' 
settle the soaal, mdustnal and pohtical development of any country, 
and to discover how frr these mclude the pohtical views of the 
electorate at aU? Is our pohtical cyme, perhaps, nght after all when 
he asserts that history is a sort of fatalistic process that rolls along 
Its predestmed path irrespective of what you and I may say or do, 
that we are mdecd mere puppets of history, wavmg our arms and 
speaking our parts not' perhaps at the will of smgle mdividuals but 
at the dictates of supenbr economic forces^ 

Let ns make it cona^te Was the war of 1914-18 the mevitable 
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climax to a previously cxistmg situation, the shot at Sarajevo a 
trivial madent of no consequence because the war was already upon 
us after premonitory nimbhngs that dated back many years^ Was 
the cry, “Rally to the support of plucky htde Belgium,” the cry of 
a manonette, and we who rushed to save avihzation[s/c], automatic 
machmes respondmg to the puU of a lever^ Can we look back ivith 
equammity and say now that our feehngs and our actions then were 
based on an informed judgment and an adequate understandmg of 
the issues’ Was the war fought because we beheved a moral mjustice 
was bemg meted out to Belgium, or was that case manufactured for 
us after events had shaped them course’ Could our moral judgments 
be legitimately ranked with the causes or with the effects'^ Do we m 
fact justify our actions after the latter have become unavoidable 
necessities’ After all, no one m history has ever fought to mamtam 
what he conceived to be an unjust cause In every war both sides 
hold they are fighting for right, and almost without exception they 
receive the blessings of the custodians of pubhc morals m that strug- 
gle German and British church leaders ahke pray for the victory 
of the arms of their respective countnes Even Hitler and his Nazi 
Party “justify” their aggressions on the score that Germany has been 
unfairly treated- 

Is It possible that the underlymg causes of the war of 1914-18 were 
Still present durmg the making of the Treaty of Versailles and that 
the long penod of post-war distress, anxiety, tension and finally 
rearmament were simply the workmg out agam of these self-same 
underlymg causes’ Is it possible that the cormng of Hitler and his 
party, with aU its oppression, brutahty and ill-treatment of moffen- 
sive mmonties was an almost mevitable consequence of that same 
situation, and finally is it not more than probable that the present 
outbreak of war again is nothmg more than a repetition of the 
1914-18 struggle once more brought to a head, m a more mtense 
mtemational situation, by the same underlymg causes’ 

Now It should be noticed that all these questions are bemg 
directed towards the same objective We are m reahty mquirmg to 
what extent there is a speaes of causality, to what extent there exist 
ovemdmg laws of cause and effect, m large scale soaal affairs as 
distinguished from the more detailed problems we have hitherto 
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considered If there are, we are naturally interested to know whether 
our experts m these matters, viz , our pohtiaans, have discovered 
and work on an understanding of these laws For notice, if the land 
of causahty here suggested does in fact exist, a pecuhar hght would 
be thrown on the high-sounding pohcies and promises that have 
from time to time been voiced by leadmg pohtiaans in their plat- 
form. speeches Agam and yet agam we have been offered remedies 
for this or that soaal evil — “prospenty is round the comer,” "wise 
and undentanding statesmanship has led us out of the slump,” and 
life will presently be its old humdrum self The unphcation m each 
case IS that the power to handle these issues successfully, rests entirely 
in the hands of the government concerned If there arc mdeed forces 
of an mtemational character at work that exercise a decisive eSect 
on the mtemal arrangements of any one country, then the speeches 
of these pohticians make painful readmg, for they would imply that 
the very individuals mto whose hands the control of our destuucs 
has been placed have not yet begun to understand the forces at play 
What would we think of an engineer whom we had called m to 
deal with some mechamcal defect, and who turned out to be 
Ignorant not only of the pnnaples of mechames but of the fact that 
there was such a subject as mechanics? Even if in the past he had 
succeeded, by tinkenng about with a piece of machin ery, to get it 
to nm for a time, would he not be completely at sea when faced 
With a serious breakdown? Is it the case that our oudook on these 
pohtical issues is stdl of the tmhenng sort that does not even know 
how to begm to ask sensible questions about the issues that meet us 
at every tum^ 

Clearly we have to nd ourselves of many illusions W^e have to 
think of pohtics and all that is mvolved m it,saentifically, objectively 
at first, on a wider scale than the mere detailed problems presented 
to us at elections W^e have to sec pohtics as one of the ways m 
which history is bemg made If there are pohtical pnnaples, just as 
there are mechanical prmaples, then we have to see government as 
the practice of these pnnaples, soacty as the laboratory and we, 
mankind, as the material upon which the experiment is conducted. 
Then we have to become consaous of the fact that by our actions 
we make history, and seek methods of controlling that experiment 
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There is one trap into which most of us easily fell. We have 
stressed the need for distmgmshmg a fact and a judgment Now m 
pohtical matters we are constandy hable to this confusion We get 
sidetracked feom an analysis of how a certam situation has ansen and 
turn to condemn the motives of those who have brought that 
situation mto bemg There are studies for which motives may be 
almost irrelevant. We are not usually tembly mterested m the good 
motives of our friends who get us mto trouble It is more important 
to know how it all happened and how to repair the damage We 
ask, what made them do it. Equally we are amused when someone 
with a bad motive does us a good turn It is not so much the stupid 
mtentions people have, that matter, but their actions It is surely a 
short step from this for us to recognize that our moral mdignation 
may be a secondary matter if we are to imderstand how a situation 
came to pass 

This is not to assert that human bemgs do not act “ of set pur- 
pose,” with good or bad mtentions, but rather that these mtentions 
may not be the primary causes They may be the “justifications” 
for actions dictated by other forces of which they are not fully 
aware With a friend I discussed the mvasion of Poland by 
German troops “I wonder why the German Government found 
itnecessary to do that’” I ask “An act of pure aggression,” my friend 
rephes “You would surely not attempt to justify that’” and the 
discussion comes to a dead end. He is more concerned with a moral 
estimate of the action than an understandmg and what m fact were 
the necessities 

“Why does Germany,” I ask, “continually put forward this 
demand for colomes and for empire?” 

“Purejealousy, desire for power, presdge . .” comes the answer 
In this way we are headed off from an exammation of why mdus- 
tnal countncs like Bntam, France and Germany seek colomes and 
empire, by saying it is some form of wickedness on the part of a 
country that came later on the field Of course, if it is wickedness, 
the only solution is to beat the devil out of the wicked But suppose 
they cannot help themselves — ^what then? Supposmg modem Ger- 
many is treadmg the same path as Bntam and France trod m the 
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seventeenth and eighteenth centimes No one would assert that the 
present Bnosh and French Empires were dehberately designed by 
some group of schemers, two centimes ago But neither was it a 
miracle It was a perfectly understandable development that followed 
from the industnal and commeraal needs of the home countnes 
As It occurred no doubt each step was given its justification, and 
those who earned it through probably beheved they were perform- 
ing a necessary task of avilization What is important to ask is why 
coimtnes with an mdustnal structure like those of Bntam, France 
and Germany cither actually acquire colomes and empire by con- 
quest from the inhabitants, or fight each other for that purpose 
After all, Bntam drove the French out of India and Canada, no 
doubt both contended that nght was on their side Every country 
fights m Its judgment not only for its own nghts but for those that 
traQscend its immediate mtcrests — ^for the good of mankmd Genera- 
tions after this mankind may he in a position to judge — and perhaps 
to smile cynically 

If we can grasp this idea we can be freed from the confusions and 
stupidities of blind pohtical proposals, for once the analysis is 
developed we should be at last m a position to examine any given 
proposal as a concrete contribution to the solution of what is, in a 
certain sense, a scientific problem, the affair of every man Wc 
should be able to see it as a bit of history, a proposed experiment, 
andjudge it as one would any other experiment m sacnce, by what 
the experimenter hopes to achieve by it and by the evidence that 
*this hope is at all justified 

History is made by human beings We — you and I — make history 
There are no subtle mysterious agencies at work beyond the wit of 
man to understand, here, as m other branches of sacnce, we hegm 
with this assertion When we talk of economic forces we mean 
actions by individuals and groups of mdmduals m connexion with 
the production, distribution and withholdmg of materials for use 
When pohuaans talk of the “mystenous disease of unemployment” 
they arc implying that they do not understand the nature of the 
relation of groups of human beings among themselves, that keeps 
one section m idleness and withholds consumable goods from it, 
they do not imderstand how the actions of one group of people are 
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preventing another group from eammg its daily bread Thus by 
calling It a mysterious disease they throw the responsibihty for their 
Ignorance on to the shoulders of some supernatural agency 
But human bemgs m their active relations with each other do not 
make history m a vacuum It is m organized working at the matenal 
world, draggmg its treasures from the earth, and m what human 
bemgs do vnth the results of that labour and do to each other m the 
process, that history emerges Thus there are mitially two sets of 
factors of pnme importance that pomt the course of history of any 
great group of human bemgs For convemence we wiU refer to them 
as environment and relations Let us examme these two separately m 
detail and later see how they mteract with each other 
Environmental factors cover what might be called the natural 
resources of the sod, and all diat has come from it as a result of the 
apphcation of human labour m the form of skill m craftsmanship 
and organization It is the miheu m which people work and hve 
They mclude also the climatic conditions of the area imder con- 
sideration Thus we may say that the history of Bntam has been 
conditioned (I use the word dehberately smee it canalizes, or con- 
ditions, what human bemgs can do with the part of the world at 
their disposal) by the presence of coal and iron m large and m 
accessible quantities, and with a climate that made it possible to 
work these mmerals The soaal hfe that would consequendy arise 
m Bntam woidd necessanly be closely bound up with die workmg 
of these mmerals, once it had become possible to utilize them The history 
of Iceland or of Canada or of Austraha on the other hand was con- 
ditioned by their speaal resources, fishmg m the case of Iceland, and 
gram and land cultivation generally m the case of the others A 
country with a nch store of natural resources is potentially a 
wealthy countr)’’, however that wealth may be distnbutcd among 
the population It may nevertheless remam poverty-stneken if these 
resources are not developed. That, as we shall see, is a matter of 
organization m production and distnbution and a very important 
one. For the relations that men enter into with each other, relations 
mvanably sealed down by law, wull fix whether or not the natural 
resources of any area can be turned to the maximum advantage of 
man Other factors will contnbute, but this is fundamental 
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Relational factors are the arrangements that are made m the com- 
mumty among its, members to develop the natural resources The 
feudal system, although not usually seen m diat hght, was such an 
arrangement There, where the paracular natural resource that was 
developed was the fertihty of the soil, the serf was bound to perform 
certam duties m this scheme for the lord of the manor The product 
of the soil belonged by law to the baron, smcc the soil belonged to 
him, to he undeveloped or to be cultivated as he thought fit Thus 
he or his bailiff deaded, so much for gram cultivation, so much for 
fkut, so much for vegetables, and so much to be kept untouched 
for huntmg The product of the forest, the game and the deer, were 
again the personal property of the baron, and he who broke this law 
of property would pay forfeit with his ears, his hand, or even his 
hfe 

Such mutual relations between worker and propnetor, between 
those who by law owned the natural resources and the tools, and 
those who apphed then craftsmanship to them, largely determined 
what kmd of soaety would emerge 

For among other dungs, it setded the nature of the leisure of the 
vanous levels of soaety It meant that the serf had to devote any 
spare tune he could find to eking out a bare eiostence from the 
small piece of soil he was allowed to cultivate for his own use and 
out of which he had again, by law, to pay his tithes to the church 
fathers On occasion when the head of the family was called away, 
accordmg to his legal duty, to fight the batdes of his lord abroad, 
or on whatever maraudmg expedition he cared to undertake, the 
carrying on of the dunes of the estate fell on tie young members of 
the family It imphed for the baron and his retmuc that they could 
devote themselves to the art of huntmg and horsemanship and to 
the enjoyment of a certam level and qi^ty of cultural life To the 
peasant it imphed a life of bondage It imphed a sharp demarcation 
m social dass, and a drastic condiUonmg through the circumstances 
of his mode of life, that created m him a characteristic set of values 
profoundly diSerent from those of the dominant class 

Such internal arrangements that have gradually been evolved to 
cater for the 'needs of the commumty, what we have called the 
rclanoual fectors, have changed penodically m history, sometimes 
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drastically, and within this past century or two taken on a distinctly 
interesting form To appreaate its pecuhar nature, and indeed its 
temporary character, we should constantly bear m mmd the corres- 
ponding system dunng an earher penod, say that mdicated dunng 
feudal times This wdl set up for us and sharpen the necessary con- 
trast between the two situations It will succeed m this way m plac- 
ing the modem stage m its histoncai perspective 

It IS well recognized that an enormous part of the legal systems of 
most Western coimtnes is bound up with the nghts of property, and 
the penalties for in&mgement of these nghts One of the nghts 
possessed by property holders, particularly those who hold property 
m land, factones and ma chin ery, as distmct &om personal property 
which every one possesses m some degree, is to engage m the busi- 
ness of supplymg the commumty with its needs They also have the 
means to under^e this task. For this purpose they are allowed to 
call m executive officers, workers of all kmds, who, for salanes and 
wages, stnve to extract the natural resources of their own countnes 
and such other available parts of the world as they find profitable, 
and convert them, by manufacture, mto saleable commodities In 
these ventures mto the distant comers of the earth m the search 
mamly for appropnate raw matenals, the States, of which these 
people are citizens, afford them the necessary protection by pohce, 
army, navy and air force to carry through there enterpnses 

Two consequences follow firom this In the first place the States 
concerned are contmually becommg embroiled m diplomatic 
exchanges, mihtary matters and trade nghts with the inhabitants of 
these distant countnes and with other States also affordmg protection 
to those of their atizens who are puKuing the same ends From this 
arises a great deal of the foreign pohey of mdividual States, although 
pohtiaans may not themselves be consaous of tlie mainspnng of 
then pohey 

The other consequence follows fi:om the way m which the pro- 
ceeds of tliese ventures are distnbuted Let us remember that m 
Western Europe all mdustry is carried through by large or small 
groups of private entrepreneurs for the purpose of makmg a profit. 
They may argue that madentally they also succeed m carrymg on 
the world’s work, m catenng for the needs of men and m seemg that 
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they are adequately distnbuted That, however, remains to be 
exammed What we do know is that broadly speaking ventures are 
not undertaken unless they are likely to show a profitable return 

What IS meant by a profit? The answer to this can be seen if we 
will exarmne what happens to the flow of commodities that are 
actually produced Taking workers and executive officers as a class, 
they account for a certam proportion The wages and salanes they 
receive enable them m the mass to repurchase a proportion of what 
they have produced m the mass If their wages and salanes enabled 
them to repurchase all of what has been produced, there would be 
no profit It IS the surplus whose existence is an essential feature of 
this form of production that wc usually call the profit 

There is one qualification on this to which we must refer if only 
to remove a possible obscunty Many of the tlungs which are pro- 
duced are not m fact consumption goods m the ordinary sense but 
capital goods, machinery and the hke, which go back mto mdustnal 
production for enhancing and improvmg output The effect of this 
IS to multiply the output of commodities and hence at the next stage 
to mcrease the volume of goods that corresponds to the profit 

Let It be clearly understood once more that we are not concerned 
with any moral judgment We are not, at the moment asserting the 
rightness or wrongness of this profit All that is important for us m 
our understandmg of the process at work, is to recogmze the exis- 
tence of this surplus and to answer the question — what happens to 
It? It IS obvious fiom what we have said that it cannot be purchased 
by the workers and the executive officers It cannot be consumed 
withm the country of its ongin. For that to happen the wages and 
salanes would be required to be raised to such a pomt, that there was 
no profit It cannot be used for raising the standard of life of the 
inhabitants of the country of its ongm There ccinuot be an internal 
market for it 

It IS here that we may show a distinction between a Capitalist and 
a Soaahst State A Capitalist State uses this surplus for profitablesale 
in an external market It cannot control this market. It rises and falls 
in a mystenous way It has booms and slumps, and the mgcnmty of 
the capitalist at home has to be directed towards anticipating these 
fickle happenings — the accidents and irregularities of mtemational 
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trade and commerce He is, moreover, at the mercy of other factors 
that may mvolve him m difficulties Bntam is not the only mdustnal 
capitalist country of the West or of the world. There is also France, 
the Umted States of Amenca and there is Germany AH of these are 
m the same position Each has its profit surplus which it must sell 
on the external market and each competes with the other m these 
sales If for any reason, histone or otherwise, one or other has a 
monopoly or a pnvdeged position m such a market, mtngues, strug- 
gles and finally State mterference may begm to make themselves 
apparent 

A soaahst country has no such problem. Its market is clear and 
defimte It is mtemal. It plans m advance what is to be the standard 
of hfe of Its population within the next few years and this setdes 
the magnitude and the detailed form of its market It has no profit 
surplus It does not reqmre an external market. It need not come mto 
conflict with other commeraal nvals or other States for the sale of 
Its goods outside 

AH this is, of course, over simplified. There is no country m the 
world, soaahst or capitalist, which possesses aH the raw matenals 
required for its development and for the production of the goods 
Its population needs A certam exchange of commodities and raw 
matenals is therefore essential, but the nature of this exchange is 
fimdamentaHy different from the nature of the profit surplus to 
which we have referred 

For fuHy a century or more this process of profit accumulation 
has proceeded apace, leadmg first to the development of colomes, 
to the exploitation of their raw matenal and the use of the rather 
meffiaent labour power of their inhabitants, and latterly to the 
further mvestment of the resulting profit surplus mto mdustnal 
undertakmgs m such places as the Argentine and South America 
and other parts of the world not directly under the control of the 
State withm which dweH the body of mvestors This stage of the 
development is usuaHy referred to as that of finance capitalism. 

For fiiHy a century this process has proceeded with ever-mcreasmg 
acceleration 

Not aH of these ventures can be regarded as profitable, however, 
and certainly far from aH as soaaHy valuable Bankruptacs and loss 
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of capital have occurred regularly alongside the expansion of capital 
nghts, and particularly during the last twenty years there have been 
penodic epidemics of bankruptaes and collapses of one kind and 
another A period of mstabihty has set in, that suggests the end of 
the epoch of capital expansion 

This IS roughly the system of relations that has now been brought 
mto bemg m most countries, for the histone purpose of applymg 
the natural resources of the world to the benefit of mankmd. Viewed 
dispassionately it is a pecuhar and an mterestmg scheme As it 
develops it succeeds m arousing new needs and desires m the popu- 
lations of the world In perspective we can see that it will survive 
so long as It IS able, broadly spcakmg, to satisfy the needs it arouses 

The ruthlessncss of the process firom one pomt of view cannot be 
called mto question Vast stretches of countryside have been denuded 
of greenery that the valuable minerals, coal, iron, oil, copper, tm, 
diamonds and gold, may be wrested firom the bowels of the earth 
Populations have flocked from agncultural areas mto the manu- 
fecturmg and mitung centres to pky their part as executive officers 
m the process They have settled down, reared famihes, and estab- 
lished new forms of soaal life as if this latest human venture was 
somethmg static and permanent Congested areas and slum towns 
have sprung up, inhabited by blase and sophisticated town dwellers, 
the grandchildren of simple peasants Dunng the past century the 
new mdustnahsm has brought mto bemg empires, navies, trade 
umonism, the co-operative movement, the pohtical labour move- 
ment and all the paraphemaha of democracy and its safeguards 
Man’s histone struggle with nature for the creation of fieedom has 
thus taken on a new complexion m the efforts to master the problems 
of the new situation. Men have thought the thoughts of their 
penod, stnveh to satisfy the new needs and desires evoked, and 
have expressed their aspirauons m terms of them. In msututions and 
m movements,! pohne^, educational and ethical, they have repre- 
sented them m soaal forms 

At the beckori. call of mdustry, saence and technology have been 
raised to a new Activity, and their discovenes have been turned to 
the fashionmg of marvellous contnvances to reheve boredom, to 
mcrease produepon, to provide the matenal for new amsne forms 
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and eliminate unnecessary labour. In two generations the face of the 
world and the rmnds of men have changed profoundly. Time and 
space have been bndged and man has acquired a^rasp of the matenal 
aspects of the universe to an extent previously undreamt of 

In the slow-changmg East, new colomes, dependenaes, and 
empires have arisen rapidly, the pnvate property of the mvestors 
of the feverishly developmg West In the wake of this process the 
last century has seen more wars, pumtive expeditions, and raids, and 
on a greater scale than m any corresponding stretch of time m 
previous lustory Thus the war of 1914-18 can be recognized as 
one stage, if not the chmax, of a process that has been gemunatmg 
m the womb of the mdustnal system for this past hundred years, 
while we poor creatures, victims of a situation which none of us 
seem yet able to control, pretend to explam an histoncal phase m 
terms of an acadental shot at Sarajevo or of “nghts and wrongs” of 
this or that petty detail If, therefore, we are to take account of the 
successes of the great mdustnal revolution of the past hundred years, 
side by side with them must be placed the costs m the form of 
human exploitation and mtncate pohtical comphcations, that follow 
from the extension of the Western conception of property nghts, 
and the partial extension of the Western legal system, to thecountnes 
of the East 

But there is an aspect of all this to be exarruned m greater detail if 
we are to acquire a basis on which to rest our pohtical prmaplcs 
There is the problem of consumption or distnbution of the proceeds 
of aU this feverish activity Now it is worth while bearmg m mind 
that if man’s purpose is mdeed consaously to reap the fonts of the 
earth for his benefit, the detailed distnbution of Aese firmts would 
not necessarily depend on the organizational methods used m pro- 
duction The relational factors we have mtroduced, however, make 
this impossible as it stands 

The groups who share direcdy m these proceeds consist first, of 
tliose who hold die legal nghts to the onginal property (usually m 
the form of shares), and secondly, of those who have been engaged 
as executives in some capaaty. By the use of tokens, notes, cheques 
and coins, a most interesting and valuable mvenoon by man, it 
becomes possible to transfer claims to goods, firom one person to 
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another, i e , to exchange and sub-divide claims In this way an 
mdmdual may distribute his claims to production over a vancty of 
commodities 

Members of the commumty not needed to carry on the process 
of production become, on this scheme, unnecessary They have no 
le^ claims to the proceeds and therefore no legal claims to the 
tokens As far as the relational side is concerned, these mdmduals 
are simply frozen out of the circle of production and consumption 
They are elbowed out of the commumty But a commumty cannot 
survive by self-destruction To meet this contmgency, accordmgly, 
State schemes of mdustnal insurance, and unemployment pay of 
sorts arc mtroduced This has come mto being m the effort to take 
up some of the enormous slack left by our pecuhar methods of 
catenng for communal needs In our day the scale of mtcmational 
imemploymcnt is one measure of the mabdity of the system to 
cany through the task history demands of it. Unemployment is 
loosc-jomtedness The history of developing unemployment is the 
history of an mtensifying loose-jomtedness If the joints loosen too 
far the body must fall to pieces From the chaos of this disorganiza- 
tion emerges most of the problems of mtemal pohdes 

To appraise all this at its proper level we have to recollect that 
histoncally this form of social organization is a comparatively new 
feature of communal life True we have hved at a colossal pace, 
compared with our predecessors on this planet, but because of that 
pace the system has passed the more rapidly through its successive 
stages Bom and bred m it, like all creatures of their penod we tend 
to regard it as something rooted for all time m nature It has been m 
growth for certainly less than two hundred years, while the even more 
modem form m which finance, directing the course of events by 
controlhng exchange tokens, has succeeded m playing a dominant 
role for much less than thirty years That it wiU pass, as the feudal 
system and the mercantile penod passed m their day, is obvious to 
any student of history Such systems begm to collapse when the 
needs and desires of the commumty, evoked themselves by the 
increasing control over nature that is continually being wrought, 
can no longer be satisfied by any simple readjustment m the rela- 
tional factors then m existence Let us realize in any case that 
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relational factors are wrapped up m the nghts of property, and 
property nghts show themselves m matenal things, in power over 
others, m mcome and in standard of hfe History shows that there 
are no extremes from which people will shrink m order to preserve 
such things In fighting to retam their matenal comforts, what have 
become their primary needs, they conceive themselves as fighting 
for all that life holds dear 

It IS agamst this background that we have to see the present 
struggle m Europe and its possible extension into Asia. It is a facile 
explanation to refer it all to the evil gemus of one man, and to 
the brutahty of the party he has at his beck and call It is more 
saentific to recognize that they are largely the consequences of 
the appheauon to Germany of the same mdustnal forces that 
created the Bntish and French Empires, and that made the North 
Amencan continent what it is The early development of the Bntish 
and French Empires before Germany had got mto her stnde neces- 
sarily created a situation that has tended to firustrate the correspond- 
mg growth of a German Empire The degradation that came to 
Germany with the Nazi regime can then be seen as an almost 
mewtable consequence of an economically impossible position On 
the other hand, the pohey of Russia follows from the fact that she 
rccogmzes this need of a capitalist country for external expansion, 
and fears either that Germany will herself seek to obtam a colomal 
empire from her, or that Bntam and France will unconsaously be 
driven to attack her in order to obtain these necessary colomes for 
Germany, and madcntally carve up the rest of Russia as “spheres of 
influence ” It would naturally be exceedingly difiicult for Russia to 
beheve that the British and French Governments would follow a 
pohey that would consaously lead to the creation of a soaahst Ger- 
many as the solution to the mcessant struggles among the competing 
powers Nevertheless, only by the passage of Germany to a soaahst 
economy can there be any final peace m Europe, for m such circum- 
stances It mil naturally create its market internally, and so be 
switched out of its external competition mth mdustnal nvals 

This then is tlie background against which we have to see die 
actions and pohaes of statesmen, the struggle of trade unions and 
employers’ federations, the co-operative movement as an attempt 
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to use the legal nghts of pnvate property in order if possible to 
ensure that property nghts shall not be translated into charges on 
production, the struggle for pohtical freedom from the days of the 
chartists to the penod of the emanapation of women, the nght 
wmg pohtical movement as the forces that would rather put a brake 
on change than plunge mto something they fear, the left wmg 
pohtiaans as those who would escape from the terrors of the present 
by urgmg soaety to create the next stage before catastrophe befrUs 
Over and above aU this we have to see our cultural movements, our 
educational system, our wntets, sacnosts, poets, and artists — and 
our pohtiaans — playmg their part m this scene, coloured, mostly 
unconsaously, by the atmosphere m which they temporarily find 
themselves 

A saenofic pohtiaan is one who recognizes the process through 
which soaety is passing, understands the human and material forces 
that dnve it on from one level to the next, and therefore assesses at 
their proper valuation the proposals of governments 

Like all true thinkers, artists, and men of action, he will be ahve 
to the detail, but appreaate its significance against the shifiang back- 
ground of history He will see both the events and their flow, and 
he will therefore appreciate the part he and those like him have to 
play m the consaous creation of a history fit for avihzed man 
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